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STUDIES  ON  THE  PATHOGENESIS  AND  DMUNITY  OP  TULAREMIA 


SUGARY 

July  1,  1951  through  December  31,  1951 

Contract  N6-ONR-26X7 
Univarsity  of  Kansas,  La-^rence 

The  experiments  which  are  summarized  fall  into  3 general  categories 1 
I*  Antigen  Studies,  II*  Immunity  Studies  and  HI*  Variation  Studies. 

1'.  Antigen  Studies 

1.  Progress  has  been  made  in  growing  laree  quantities  of  Bacterium 
tularense  by  using  concentrated  media  in  a cellophane  sack  suspended  in 
distilled  water.  The  cells  have  been  used  for  the  extraction  of  poly- 
saccharide and  are  to  be  used  for  other  types  of  extraction. 

2*  Sterile  tissue  extracts  from  infected  animals  havo  been  used  in 
preliminary  experiments  and  have  indicated  the  presence  of  an  immunizing 
antigen* 

II.  Immunity  Studies 

3*  A protection  test  in  mice  has  been  developed  which  appears  to 
be  reliable* 

U*  The  results  of  protection  tests  appeared  to  show  that  the  serum 
from  recovered  animals  was  more  protective  than  from  vaccinated  animals* 

5*  There  was  no  correlation  between  protective,  agglutinative  or 
hemagglutlnative  antibodies* 

*.  A satisfactory  bactericidal  test  has  been  worked  out* 

7*  This  test  indicates  that  whole  blood  from  rabbits  vaccinated  witn 
killed  cultures  is  more  bactericidal  than  blood  'hem  normal  rabbits. 


8.  Blood  from  recovered  or  recently  vaccinated  persons  is  more  bac- 
tericidal than  blood  from  normal  persons  or  those  vaccinated  a number 
of  months  before  the  test.  Bacteriostatic  effect  might  be  a better  term 
than  bactericidal,  since  the  Wood  is  raroly  sterilized  and  only  sn&l\ 
numbers  of  bacteria  are  disposed  cf. 

III.  Variation  Studies 

9*  Variants  of  the  partially  virulent  Jap  strain  are  shown  to  vary 
in  toxicity  for  white  mice  when  injected  in  large  numbers  in  the  living 
state* 

10.  Variants  of  the  Jap  strain  have  been  shown  to  vary  in  antigenicity 
as  tested  by  the  agglutination  test  after  injection  into  rabbits.  Tho 
smooth  strain  showed  a greater  degree  of  antigenicity  than  the  non-smooth 
strain.  This  was  in  agreement  with  the  findings  reported  earlier  in  white 
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IMMUNOLOGICAL  STUDIES  ON  TOLAREMIA 
by 

Joan  McCamish 

Summary  and  Conclusions 

* 

1*  A protective  test,  using  immune  refcoit  certim  atd  strain  Ince  of 
Bacterium  tvlarenne  in  the  susceptible  wbi'ce  me  use,  has-  been  developed  and 
tho  procedure  for  this  test  has  been  presented. 

2.  This  test  is  useful  in  detecting  uhe  presence  of  and  measuring 
the  relative  amounts  of  protective  antibody  in  a tularemia  antiserum. 

3.  A noticeable  difference  was  found  in  the  protective  power  of 
sera  from  rabbits  following  vaccination  and  from  those  following  infection. 
Ihe  sera  from  convalescent  rabbits  offered  protection  ppprcximatoly  one 
honored  times  that  of  sera  from  vaccinated  rabbits. 

U.  At  the  dilutions  of  serum  used,  no  differences  could  be  observed 
in  the  protective  capacity  of  several  rabbit  sera  after  sub-lethal  in- 

1-T  • 

feet  ion  with  variants  of  strain  Jap  of  Bacterium  tularer.se,  despite  the 

I differences  in  virulence  and  immunogenicity  of  the  variants  for  white 

mice. 

I 

f 

5>.  Ihe  injection  of  sensitized  red  blood  cells  into  a normal  rabbit 
elicits  the  production  of  hemagglutinins  as  well  as  a low  titer  of  the 
protective  antibody  and  bacterial  agglutinins. 

t 

. ..  6.  . Ho  - correlation  has  been  found  between  the  results  of  the  pro- 

tective test ‘and  the  .reeid.ts  of  either  , the  hemagglutination  or  the 


- agglutination:  teat. 
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SUMMARY 


Antigenic  Studies: 

1.  Polysaccharides  from  a virulent  and  partially  virulent  strain 
have  been  prepared  and  partially  characterized. 

2.  Ihese  polysaccharides  are  not  inmunogenic  for  white  mice. 

3.  Antigens  isolated  from  cold  macerated  tissues  from  infected  mice 
prolong  life  when  injected  into  normal  mice,  but  do  not  enable  them  to 
resist  challenge  with  virulent  organisms. 

Immunity  Studies! 

1.  A protective  test  has  been  worked  out  and  evaluated. 

2.  The  protective  power  of  rabbit  serum  for  mice  has  been  shown 
to  be  greater  from  recovered  rabbits  than  free  vaccinated  rabbits. 

3.  Bactericidal  tests  on  human  and  rabbit  whole  blood  have  shown 
that  blood  from  recovered  humans  and  rabbits  is  more  bacteriostatic 
than  from  vaccinated  humans  or  rabbits. 

U*  A series  of  tests  on  Ascoli  antigens  are  reported.  Ihese 
tests  have  shown  that  the  antigen  appears  in  mice  as  soon  as  abundant 
proliferation  of  the  organism  occurs  and  is  generally  lacking  in 
challenged  imnune  animals. 

5.  The  Ascoli  antigen  apparently  is  not  immunogenic  for  white  mice. 

6.  Clearance  tests  on  white  mice  show  that  the  actively  or  pass- 
ively imnune  mouse  removes  living  cells  from  the  blood  stream  with 
great  rapidity  and  concentrates  than  in  the  liver,  ^he  implications  of 
this  mechanism  are  discussed. 
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Variation  Studies: 

1*  A. summary  of  the  work  on  variants  shows  that  the  smooth  and 
non-smooth  strains  can  be  divided  into  two  distinct  groups  on  the  basis 
of  their  respective  properties. 

2*  Experiments  are  cited  which  show  that  non-smooth  strains  do 
not  produce  as  high  a titer  of  a:glutinins  in  rabbits  as  the  smooth 
strains  and  neither  is  immunogenic* 

3*  The  non-smooth  strains  produce  a lower  titer  of  agglutinins 
in  rats  than  the  smooth  strains  but  are  immunogenic* 

U*  No  in  vivo  dissociation  of  smooth  strains  tna  been  observed 
in  normal  or  immune  rats  or  mice* 
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Title  of  Project*  Studies  on  the  Pathogenesis  and  Iasunity  of  Tularemia. 
Objective**  The  study  of  the  mechanism  of  immunity  in  tularemia  by 
means  of  an  attempt  to  isolate  an  immunogenic  antigen 
and  to  understand  the  role  of  circulating  antibodies 
and  tissue  cells  in  the  immune  animal. 

Abstract  (or  Sum  ary  of  Results) 

a.  Since  start  of  project* 

b.  During  current  report  period* 

Plans  for  Future* 

Immediate*  Continue  a study  of  the  inmmnity  mechanisms  of  mice  and 
rats  with  special  emphasis  on  tissue  reactions.  Attempt 
to  isolate  an  active  antigen  which  is  immunogenic  as  well 
as  serologically  active. 

Long  range*  The  problems  of  immunity  in  tularemia  pose  many  intriguing 
questions.  There  is  a great  difference  in  host  response  as  indicated  by 
the  solid  immunity  produced  in  white  rats  by  killed  vaccines  and  the 
almost  couplets  lack  of  inmmnity  in  white  mice,  rabbits,  guinea  pigs, 
cotton  rats  and  other  animals  induced  by  these  same  vaccines.  The  latter 
animals  become  immure  to  varying  degrees  when  injected  with  living 
organisms  of  lowered  virulence.  Ihis  may  indicate  that  the  multiplying 
organisms  in  the  infected  animal  produce  an  immunogenic  antigeo  or  that 


the  Immunogenic  Antigen  for  the  white  mouse  and  other  animals  is  highly 
lAbile  and  that  rats  and  more  resistant  animals  respond  to  other  antigens 
available  in  killed  cultures.  The  elucidation  of  this  question  of  immuno- 
genic antigen  is  one  of  the  long  range  objectives  of  this  project* 

It  has  been  abundantly  proven  in  this  laboratory  that  immune  animals 
dispose  of  large  numbers  of  virulent  organisms  in  a few  days  after  challenge* 
It  has  been  shown  also  that  the  bacteriostatic  or  bactericidal  effect  of 
whole  blood  serves  to  dispose  of  only  a few  organisms,  U00  to  UOOO  per  ml* 
Preliminary  studies  on  clearance  of  the  blood  stream  of  organisms  in 
insune  animals  show  that  the  liver  played  a major  role  in  accumulating 
organisms  and  rendering  the  blood  stream  sterile*  The  interaction  of 
circulating  antibodies  and  phagocytic  mechanisms  are  therefore  being 
scrutinised* 

Studies  in  this  laboratory  and  at  Camp  Detrick  have  shown  that  dis- 
sociation occurs  in  Bacterium  tularense  cultures  and  that  inaunogenicity, 
virulence,  colony  type,  toxicity  and  ability  to  multiply  in  the  animal 
body  are  characteristic  of  the  variants*  The  correlation  between  these 
various  properties  is  far  from  clear  and  is  also  being  studied  as  part 
of  the  long  range  program* 
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brief  summary  of  this  work,  a summary  of  Hiss  Joan  KcCaaish's  thesis  and 
a summary  of  the  work  done  fro*  July  1,  1951  through  December  31,  1951* 
Routine  matters  such  as  virulence  titrations,  the  preparation  of 
vaccines,  etc.,  are  not  reported.  Detailed  reports  on  work  now  in  progress 
are  not  included.  The  routine  technics  are  given  under  Materials  and 
Methods  and  any  special  technics  needed  to  explain  the  experimental  work 
are  included  with  the  report  of  the  experiments. 
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MATEHIALS  AMD  METHODS 

The  following  is  a description  of  general  state  rials  and  methods 
usod.  Whenever  necessary,  details  are  given  jrith  the  separate  experiments* 

1*  Olucose  cysteine  blood  agar  as  described  by  Downs is  used  for 
surface  plate  counts  and  for  slants  for  carrying  stock  cultures.  (Here- 
after designated  as  QCBA) 

2*  Snyders  broth  is  usually  used  as  described  by  Snyder for  all 
liquid  cultures* 

3*  A standard  suspension  is  defined  as  a suspension  of  such  turbidity 
as  to  give  a light  transmission  of  2U  in  the  Coleman  spectrophotometer, 

600  wave  lengths*  Such  a suspension  gives  a pfrtfe  count  varying  from  2 
to  U I 10*  per  ml.  and  is  used  as  a starting  suspension  for  all  LDro 
titrations  so  that  an  ID»0  of  10~*  indicates  that  1 to  2 organisms  kill 
SO  per  cent  of  the  mice  injected  wiTH'O.^'  ml  of  the  standard  suspension* 

The  Reed  and  Muench^  method  is  used  to  calculate  the  LDfe  • A standard 
suspension  is  hereafter  designated  as  (S3)* 

U*  The  usual  stock  strains  used  ar  Sm  virulent  strain  LDa0  for 
mice  lor**8  (SS). 

Strain  38  completely  avirulent  for  mice* 

Strain  Jap  partially  virulent  for  mice  LD8o  1CP4*0* 

Strain  lace  partially  virulent  for  mice  LD^  1CT7,°* 

In  caaes  where  variants  are  used,  the  history  of  the  variant 

is  given* 

5*  Albino  mice  of  approximately  20  gram  weight  predominantly  male 
are  used*  These  mice  are  pruchased  from  the  Maple  Grove  Rabbi  try, 
Springfield,  Missouri,  and  are  healthy  vigorous  stock* 

6*  All  agglutination  tests  are  performed  using  Strain  38,  killed  with 

« 

phenol,  washed  and  suspended  in  saline  to  standard  turbidity.  EqpAl 
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to  lone  s of  antigen  and  2 fold  dilutions  of  serin  are  mixed  and  incubated 
over  night  in  the  refrigerator  for  final  reading  the  next  day*  The  tifcre 
represents  the  highest  dilution  of  serua  at  which  definite  agglutination 
nay  be  seen  with  the  naked  eye  and  a concave  mirror. 

7*  Hemagglutination  tests  were  set  up  following  the  technique  of 

Iright^* 

Cells  i 5 to  7 ml  type  0 human  blood  was  added  to  1 ml  2 per  cent 
potassium  oxalate,  the  suspension  washed  3 times  In  0.65  per  cent  saline, 
and  the  cells  packed  and  resuspended  to  10  per  cent  in  0.8$  per  cent 
saline* 

Carbohydrate:  She  lyophilised  carbohydrate  was  made  up  in  a solution  of  1 
mg/ml  in  0*85  per  cent  saline  and  kept  frown. 

Sensitisation*  The  carbohydrate  solution  is  diluted  to  .005  per  cent 
with  0*85  per  cent  saline  and  added  to  an  equal  -volume  of  10  per  cent 
erythrocytes.  This  mixture  is  incubated  1*  boxers  in  a 37°  water  bath. 

At  the  end  of  the  incubation  period  the  cells  are  washed  four  times  in 
six  or  more  wolunes  of  0*85  per  cent  saline  and  resuspended  to  *5  per 
cent  in  saline. 

Agglutination i To  0*5  ml  amounts  of  2 fold  serial  dilutions  of  the  serum, 
0.5  ml  of  the  0.5  per  oent  cell  suspension  are  added.  The  tubes  are 
shaken  and  allowed  to  stand  at  room  temperature  for  too  hours*  The  test 
is  read  as  the  highest  dilution  of  antiserum  which  shows  h*  agglutination 
(cells  distributed  uniformly  over  the  bottom  of  the  tubs). 

8*  In  the  bactericidal  tests,  all  glassware  in  contact  with  the 
hepariniasd  blood  was  coated  with  silicons  and  chilled.  Heparin  was 
added  so  that  the  final  dilution  was  1 mg  per  10  ul  of  blood.  No  diffi- 
culty with  clotting  during  incubation  was  experienced* 


?•  Protection  Tbatai  Those  tests  were  all  performed  in  the  following 
Bonner*  Mice  were  given  the  iaaune  or  normal  serua  by  the  intravenous 
route,  injecting  0.5  nl  of  the  appropriate  dilution  into  the  tail  vein. 
They  were  then  iueediately  injected  w<  th  the  challenge  strain  I nee  in 
dilutions  such  as  to  give  10  or  100  LDg0.  lbs  Bice  were  held  for  10-12 
days  and  any  dead  Bice  were  autopsied  and  the  heart  blood  and  spleen  were 
cultured.  Only  specific  deaths  are  recorded. 
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TECHNICAL  REPORT 

The  technical  report  falls  into  three  cate goriest  I.  Antigen  Studies, 
II*  Innunity  Studies,  III*  Variation  Studies* 

I.  ANTIGEN  STUDIES 

A*  Preparations  of  Purified  Antigens! 

The  method  fear  the  growth  of  large  numbers  of  Bacterium  tularense  was 
given  in  the  semi-  annual  report  of  December  31,  1951*  It  that  time 
7*8  grams  of  cells,  strain  Sm,  were  on  hand  ready  for  extraction.  These 
cells  were  used  to  prepare  the  polysaccharide  and  yielded  1*59  grams  of 
material  with  a nitrogen  value  of  7*3  per  cent.  Since  that  time  8.0  grams 
of  Jap  H have  been  collected  and  are  now  being  used  to  prepare  another 
lot  of  polysaccharide.  Cells  of  Sm  and  Jap  are  being  grown  to  prepare 
protein  extracts.  The  result  of  these  experiments  will  be  reported  sub- 
sequently. 

The  injection  of  the  Sm  polysaccharide  referred  to  above,  gave  evi- 
dence of  very  little  immunogenic  activity  in  mice*  Out  of  20  mice  injected 
with  a total  of  1*0  mg  in  broken  doses,  18  died  when  challenged  with  100 
IDso  of  the  virulent  Sm  strain*  Tbn  out  of  ten  control  mice  died* 

B.  Tissue  Antlgenat 

In  the  first  progress  report,  results  of  the  injection  of  tissue 
antigens  prepared  from  mice  injected  with  Jap  H showed  that  they  induced 
a prolongation  of  life  in  mice  challenged  with  the  fully  virulent  strain* 
Because  of  the  great  difficulty  in  ascertaining  whether  all  of  the  living 
Jap  H organisms  which  might  have  been  present  were  killed  by  the  freezing 
treatment,  the  experiment  was  repeated  using  tissues  from  mice  injected 
with  Jap  H 0.5  ml  of  IDT4  intraperitoneally*  A second  experiment  mm a also 
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sat  up,  infect  inf  alee  with  the  virulent  San  strain.  This  strain  has  an 
LDgo  of  10“** 8 which  represents  1 to  U organism.  It  was  felt  therefore 
that  sterility  of  the  preparations  could  be  acre  easily  established  by 
the  injection  of  the  tissue  into  the  control  nice  use*  to  determine  sterility 
than  when  using  tbs  Jap  H strain. 

The  tissues  were  treated  as  described  previously.  Mice  were  infected 
with  1 ml  of  a standard  suspension  of  Sa  diluted  to  10“7.  All  mice  were 
sacrificed  at  2hr  U8,  72,  and  96  hours  after  injection.  The  liver,  spleen 
end  heart  were  removed  as  optically  and  5 parts  of  chilled  distilled  water 
was  added.  The  mixture  was  homogenized  and  centrifuged.  The  supernatant 
was  removed  and  the  material  shell  frosen  and  stored  in  the  deep  freeze. 

All  the  above  operations  were  carried  out  as  rapidly  and  in  as  low  a 
temperature  as  possible.  The  detailed  data  an  the  sterility  tests  on 
tbs  tissue  is  given  in  the  appendix  and  may  be  summarised  here  by  saying 
that  tissue  from  Jap  H infected  mice  remained  infective  for  21  days  but 
not  for  35  days*  Whereas  cultures  were  negative  after  10  days.  Tissue  from 
Sm  Infected  mice  was  Infective  for  U5  days  but  not  for  75  days  and  by 
culture  they  were  positive  for  10  days  but  not  for  25  days. 

The  above  tissue  extracts  were  injected  into  groups  of  18  mice  0.5  ml 
in  traperi  tone  ally  on  alternate  days  until  U doses  had  been  given.  After  a 
period  of  10  days  they  were  challenged  with  the  virulent  strain  SmA. 

Normal  control  mice  were  given  comparable  tissue  extracts  prepared  Tram 
normal  tissues.  Results  of  these  two  experiments  are  suvarised  in 
Table  ju 

There  is  very  slight  evidence  that  an  immunogenic  antigen  is  present 
in  these  tissue  extracts.  There  is  slight  lowering  of  the  U>so  and  alight 
prolongation  of  life.  The  concentration  of  this  hypothetical  antigen  will 


be  explored  by  chemical  means*  have  frequently  reiterated  our  views 
that  immunogenic ity  rests  principally  on  the  production  of  some  antigen 
produced  in  the  animal  body  during  infection,  but  have  been  unable  to  get 
clear  cut  evidence  of  this  antigen*  That  antigens  are  demonstrable  from 
tissues  is  evident  from  the  work  of  Larson^) and  this  laboratory^,  but 
it  is  not  clear  that  these  heat  stable  antigens  are  responsible  for  immunity* 


bo  explored  by  chemical  means « % have  frequently  reiterated  our  views 
that  iscaunogenlcity  rests  principally  on  the  production  of  tome  antigen 
produced  in  the  animal  body  during  infection,  but  have  been  unable  to  get 
clear  cut  evidence  of  this  antigen*  That  antigens  are  demonstrable  from 
tissues  is  evident  from  the  work  of  Larson^and  this  laboratory^,  but 
it  is  not  clear  that  these  heat  stable  antigens  are  responsible  for  immunity* 


The  LD00  of  the  challenge  strain  SoA  ID"®*4  in  both  cases 


Iaa  unity  Studies 

A.  Protection  Itests  - Whole  Rabbit  Serum 


In  the  first  six  months  report  we  described  the  isolation  and  stabil- 
ization of  the  Ince  strain  of  Bacterium  tularensc.  This  strain  has  retained 
an  LDbo  of  approximately  10**7  and  has  been  used  in  subsequent  protection 
tests.  In  an  effort  to  evolve  some  simple  method  of  evaluating  these  tests 

we  have  used  Pannell's^  method  of  calculation  of  the  mouse  protection 

(l) 

index  and  mouse  protection  ratio!  In  addition,  McCamish' *'  attempted  to 
simplify  the  above  method  by  eliminating  the  average  day  of  death  from  the 
calculation  and  made  a comparison  on  the  basis  of  the  number  of  mice  dead 
at  a given  dilution  of  organisms  after  receiving  normal  serum  and  the  num- 
ber dead  after  receiving  immune  serum.  The  difference  was  thus  a small 
whole  number.  The  difference  at  any  one  level  was  designated  as  A . If 
the  differences  at  different  levels  are  added,  the  protective  power  of  the 
serum  could  be  designated  as  Sigma.  Examples  of  these  calculations  are  given 
as  follows  t 

• mouse  protection  index 

Average  day  or  death 

Normal  S/S  (dead  over  tested  m 83.3  - MPI  of  16.7 
Serum  5 aUd 


Immune 

Serum 


4®- 


20 


- MPI  of  3.3 


M**1 - MPR  of  5.1 

mpTTTT 


The  smaller  the  meaerical  value  of  MPI,  the  greater  the  protection. 
The  larger  the  numerical  value  of  MPR,  the  greater  the  protection. 


dead 

£ *»  tested 


Normal  serum  It  10 
♦ Ince  Strain  1CT5 


dead  immune  serum 
tested  ♦ Ince  10“® 


^ “ Normal  serum  1-10  ^ Inmune  serum 

* Inco  10“ • ♦ ince  KT* 

thus*  6/6  - 0/6  - £*6 
■k.  then  is  * 4 ^ 10 

The  individual  reactions  of  the  mice  to  infection  made  evaluation  of 
the  sera  on  the  simple  basis  of  ascending  numerical  values  of  1 impractical. 
In  order  to  cospare  the  sera  quantitatively*  It  was  necessary  to  establish 
some  arbitrary  standard  as  a -protective  level  for  XT*  The  maximum  value  of 
12  was  not  obtained  in  any  case*  but  the  value  of  10  occurred  most  often  in 
the  case  of  the  high  values  of  TE,  half  of  that  or  j was  then  assumed  to 
be  the  lo^st  value  which  a servn  could  have  and  still  be  considered  pro- 
tective* lhe  protective  titer  of  a serum  would  then  be  the  highest  dilution 
of  that  serum  showing  a value  of  5 or  above* 

In'  the  method  used  by  Pannell  a serum  was  assumed  he  be  protective  if 
the  MPR  was  2 or  above*  then  the  MPR  of  the  sera  used  was  conpared  te  the 
corresponding  Sigma  it  was  found  that  in  all  but  a few  cases  the  results 
correlated*  In  only  3 cases  was  the  MPR  above  the  protective  level  of  2 
1*1  en  the  £T*as  less  than  5* 

The  protection  tests  were  performed  as  given  in  Materials  and  Methods* 
Three  pools  of  serum  were  used  from  rabbits  receiving  phenolized  vaccines* 
containing  h*.  billion  organisms  per  ml*  The  vaccines  were  given  intra- 
peri  tone  ally  in  2 ml  amounts  for  5 doses  at  2 week  intervals*  Pools  1 
and  2 came  from  2 mabblts  bled  after  receiving  one  and  2 injections  of 
vaccines  respectively  — Pool  5 from  2 rabbits  after  tbs  5th  injection* 
Rabbit  V3  and  V5  were  unpooled  samples  from  a rabbit  after  3 and*5  injections 
respectively.  Rabbit  IV  and  V received  a living  Jap  suspension  containing 
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UO  million  cells  3 months  after  the  last  dose  of  phenolized  vaccine*  The 
protective  effect  of  these  sera  is  given  in  Table  2. 

A series  of  rabbits  wm*  infected  with  hCO  million  living  cells  of 
Jap  variants  and  were  bled  10  days  after  infection.  After  a rest  period 
of  a week  they  received  a second  dose  of  living  cells  and  were  again  bled 
7 days  later*  These  results  are  given  in  Tables  3 and  U. 

The  following  summary  is  mads  from  these  results* 

Hhen  the  various  values  were  calculated  as  indicated  above,  pooled 
serum  from  rabbits  vaccinated  with  phenolized  Jap  vaccines  gave  a Sigma 
value  above  $ only  when  diluted  1 to  10,  except  in  the  case  of  one  rabbit 
which  had  been  given  5 series  of  vaccine  injoctions*  Serum  from  2 vacci- 
nated rabbits  which  had  recovered  from  a challenge  dose  of  1*0  million  Jap 
cells  gave  a Sigma  value  of  5 and  8 respectively  at  a dilution  of  It 1000* 
Serum  from  rabbits  injected  with  1*00  million  living  cells  of  variant  strains 
of  Jap,  that  is  Jap  A,  B,  C,  and  H,  and  bled  10  days  after  the  injection, 
gave  Sigma  values  of  6,  10,  11,  and  11  respectively*  These  same  rabbits 
when  allowed  to  rest  and  then  given  another  challenge  dose  of  equal  quantity 
gave  Sigma  values  of  10,  10,  10  and  9 respectively.  It  seems  reasonable 
from  these  experiments  to  conclude  that  rabbit  serum  contains  protective 
antibodies  for  the  mouse  which  are  measurable  by  this  method* 


I 
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Table  2 

Summary  of  the  protective  effect  for  white  mice 
of  serum  from  vaccinated  and  recovered  rabbits 


1 

Immune 



r~ 

: 

Source  Dilution 

Dead  t i 
tested 

! 

AEO 

11PI 

Dead 

ADD 

1 

HPI 

MPR 

[ 1 

r , 

: 

< 

tested 

i 1 

j 

[pool  /i 

lslO  j 
1:1000 

Vn 

6.0 

1.5 

11/12 

HI 

m 

B 

10 1 

^Phenolized 

Vaccine 

• 

7/12 

5-6 

lo.U 

7/11 

B 

3 

B 

t 

0 1 

1 

(Pool  02 

1:10 

0/12 

. __ 

7/12 

6.0 

*9Tl 

i*  * 

7 ! 

phenolized 

(Vaccine 

1 

1:1000 

9/12 

U.6 

15.6 

10 A 2 

5.8 

a 

0-9 

[pooi*yfr 

1:10  { 0/12 



As 

for  pool 

2 

~Ti 

9/12 

6-2 

12.0 

i 

i 

lii.U 

1.2 

» 

i 

1 ! 

I 

(Rabbit 

1:10 

0/12 

UA2 

7/12 

6.0 

r9i8 

— 

7 < 

phenolized 

(Vaccine 

6.2 

5.U 

5A2 

7.8 

5-3 

1.0 

( 

1 i 1 

Rabbit  01 

1:10 

0/12 

- 

— 

See  V3 

See  V., 

CnA 

V3 

7 S \ 

(Phenolized 

(Vaccine 

0/12 

" 

— 

•' 

S66  Va 
* 

See  V3 

See 

*3 

„ t 

J.;  j 

Rabbit  /IV 

1:10 

1/12 

— 

~i  - 

8/12 

' 

io.5 

7 | 1 

Recovered 
from  Jap 
Infection 

1:1000 

3/11 

— 

8/12 

— 

2.1 

ft 

5 : 

1 

* 

Rabbiz  /V 

1:10 

o/l2 



— 

4/12  ; 

— 

— 

— 

6 < 

Recovered 
■from  Jap 
(Infection 

1:1000 

0/12 

— 

8/12 

i 

— 

i 

! ! 
L#|  |: 

A All  mice  received  0.5  ml  of  serum  intravenously  and  were  challenged 
at  once  with  10  and  100  LDso  of  the  Ince  strain  (LDSo  10“7).  The 
number  of  11  or  12  represents  the  total  of  mice  injected  at  the 
above  dilutions. 

I 

i 

A*  Not  computable 

4-  This  rabbit  was  bled  after  5 arid  5 doses  of'pije^liied'VaddriUa  iotoead 

ofAhe  1 cnr  2 dosed  gfcVftt-'to  rabbits  in  -Fool#  1/  Aj T « $ 


! 
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Table  3 

The  protective  effect  of  serum  from  rabbits  after  recovery  from 
a living  dose  of  the  variant  strains  of  Jap 


Immune 

Normal  ! 

•Immune 

Dilution 

Dead 

! 

Dead  upr 

V “ 

Serum 

• 

Tested 

lected 

leSTed  1 m 

Jap  A t 

Undiluted 

iAo 

7/12  3.9 

6 

Smooth 

ltlO 

0/12 

10/12  • A 

10 

j ; . . LDeo  10 “°*7 

1:100 

1/12 

10/12  16.1 

9 

j.  Immunogenic -for 
j | -Uice 

1:1000 

S/12 

11/12  : 3.5 

• 

i 

6 

Non-Smooth 

LD80  lor1*1 

Mon-immunogenic 


,Jap  C I 

j Smooth  j 

tDco  lCT0-1 6 ' 

Leas  immunogenic i 

than  A 


Undiluted 
1:10 
It  100 
1:1000 


ap  H 

i Undiluted 

Smooth 

1:10 

LD8o  1CT4*8 

1:100 

Immunogenic 

lrlOOO 

i 

0/\2 

0/12 

2/12 

0/12 


0/12 

0/12 

1/12 

0/12 


7/12  * 

10/12  j * 

10/12  | Ut.O 

11/12  ! A 


All  rabbits  recoived  sublethol  doses  of  the  living  variants  and 
were  bled  10  to  1L  days  after  infection. 


A Not  computable 


i 


£ 'o  6 
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Table  h 

Ihe  protective  effect  of  serum  from  rabbits  after  recovery  from 
two  living  doses  of  the  variant  strains  of  Jap 


Immune 

t 

Normal 

1 

Immune 

Dilution 

Dead 

T 

i 

Dead 

UPR 

1 

! 

V 

^ ! 

; 

Serum 

1 

I 

Tested 

tested 

i 

♦ 

bested 

: Jap  ▲ 

| 

Undiluted 

0/12 

i 

i 

11/11 

' 

* 

i 

li  1 

ltlO 

0/12 

i 

10/12 

* 

10  1 

j 

lrlOO 

2/12 

j 

9/12 

6.0 

7 , 

1 

; 

It  1000 

1/12 

i 

11/12 

9.0 

10 

p 

j Jap  B 
1 

Undiluted 

Toxic 

11/11 

* 

* ; 

Is  10 

0/12 

* 

10A2 

t 

10  ! 

l 

lilOO 

0/12 

i 

9/12 

* 

9 

i 

L 

It  1000 

1/12 

. 

t 

-i- 

11 A 2 

17. 

10 

i 

i Jap  C 

i 

Undiluted 

0/12 

« 

uAi 

9 

11  | 

1:10 

0/12 

i 

10/12 

9/12 

10  1 

! 

1:100 

0/12 

i 

* 

9 

I 

1:1000 

1/12 

♦ 

11A2 

21.9 

“ ! 

j Jap  H 
1 

Undiluted 

Toxic 

i 

l 

t 

li/ii 

* 

t 

It  10 

0/12 

10 A 2 

* 

10  ' 

> 

It  100 
1:1000 

0/12 

2/12 

' 

9/12 

* 

9 ; 

1 

11/12 

7.0 

9 i 

* Not  computable 
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A*  Protection  Ibsts  - flhole  and  Fractionated  Serum. 

This  experiment  was  done  in  collaboration  with  a graduate  student 
working  with  Dr.  Kills*  He  is  fractionating  serum  from  infected  rabbits 
using  the  methods  developed  by  Oohn^®i  Fractions  II  and  III  represent 
ganna  and  beta  globulins.  Fraction  IV, V and  VI  represent  alpha  globulin, 
albumin  and  non-pro te in  constituents.  In  this  preliminary  test  no  attempt 
was  made  to  refine  the  gamma  or  beta  globulins*  The  protection  tests  show 
the  protective  effect  of  the  whole  serum  compared  to  the  effect  of  Fractions 
II,  m and  I?,V,VI. 

Die  method  for  producing  the  serum  w^s  to  infect  the  rabbits  with  U00 
million  of  the  respective  variants  of  Jap  and  to  bleed  them  after  10  days* 

A portion  of  the  serum  was  kept  frozen  until  the  remaining  serum  was 
fractionated  and  ready  to  be  tested*  It  may  be  seen  from  Able  5 that  Jap 
H*  A and  B all  gave  Sigma  values  above  5 at  dilutions  of  1:10  but  only  Jap 
H gave  a Sigma  value  above  $ at  1:1000. 

Jap  A II  and  III  and  Jap  B II  and  III  gave  Sigma  vaLues  of  6 and  1 
respectively  at  1:1000*  Jap  A IV, V and  VI  and  Jap  B IV, V and  VI  gave  Sigma 
values  of  0 and  U respectively  at  1:1000*  The  values  given  by  Jap  H n 
and  III  and  IV,  V and  VI  are  discrepant  sines  it  would  be  expected  that  II 
and  III  were  the  protective  part  of  the  serum*  Jap  H II  and  III  gave  a 
Sigma  value  of  0 at  1:1000  and  IV,  V ar.d  VI  gave  a Sigsa  value  of  > at  1:1000* 
Jap  B IV, V and  VI  also  gave  greater  protection  at  1:1000  than  Jap  B II  and  III. 
It  seems  possible  that  these  results  indicate  incomplete  separation  of  the 
serum  fractions*  This  experiment  is  being  repeated  and  will  be  reported 
later*  In  all  cases  the  agglutination  titers  were  negative  in  fractions 
IV, V and  VI*  “he  protective  titer  of  Jap  H and  Jsp  A whole  serum  at  1:1000 
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was  better  than  Jap  B and  this  is  in  line  with  greater  inaunogenicity  of 
H and  A when  given  to  mice  in  subleth&l  doses* 
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Table  5 

Stannary  of  the  protective  effect  for  white  mice  of  whole 
serum  and  of  fractions  from  recovered  rabbits 


I 


ource  and 
gg.  titer 


lial 


Dilution 

Dead 

Tfested 

Tested 

1:10 

0/12 

1:1000 

3/12 

1:10 

6/12 

1:1000 

9A2 

1:10 

0A2 

1:1000 

V12 

1:10 

1A2 

1:1000 

6/12 

1:10 

0/12 

1:1000 

3/12 

1:10 

8A2 

1:1000 

9/12 

1:10 

1A2 

1:1000 

8/12 

1:10 

U/l2 

1:1000 

8A2 

1:10 

h/12 

1:1000 

5/12 

ap  B 

V,V,VI 

0 


M The  immune  serum  was  obtained  from  rabbits  which  had  recovered  from 
an  inoculation  of  1:00  million  organisms  of  the  strain  designated. 
The  letter  S indicates  that  this  was  a smooth  variant,  NS,  a non- 
smooth  variant t 
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II.  IMMUNITT  STUDIES 

B.  Bactericidal  testa: 

The  tests  as  outlined  under  Material  and  Methods  have  been  continued 
using  individual  rabbit  and  human  blood.  Tables  6 and  7,  give  the  figures 
obtained  where  normal,  vaccinated  and  recovered  human  blood  is  Inoculated 
with  a virulent  strain  of  Bacterium  tularense  and  sampled  after  2l*»  1*8  and 
72  hours  of  Incubation.  Each  blood  sample  was  tested  at  two  levels  of 
inoculum,  namely  1*00  organisms  per  ml  and  It 000  organisms  per  ml . The 
results  are  expressed  in  log  numbers  since  analysis  of  the  exact  counts 
Indicated  that  differences  within  logs  were  not  significant.  It  may  be 
seen  from  the  tables  that  the  bactericidal  effect  of  human  blood  from 
vaccinated  and  recovered  persons  was  very  slight  and  there  was  slight 
difference  between  vaccinated  and  recovered.  Probably  most  of  the  effect 
was  due  to  the  presence  of  agglutination  in  the  vaccinated  and  recovered 
bloods.  That  there  was  a slight  bacteriostatic  effect  is  evident  from 
Figure  1.  The  results  on  vaccinated  and  recovered  rabbit  blood  are 
given  in  Tables  8 and  9 and  Figure  2.  In  the  case  of  the  rabbit  blood 
there  was  some  reason  to  believe  that  the  bacteriostatic  effect  was  more 
marked  in  the  recovered  rabbits  than  in  the  vaccinated  rabbits.  Both 
the  vaccinated  and  recovsred  blood  contained  agglutinins  but  the  number 
of  organisms  in  the  recovered  blood  was  consistently  less  at  2*8  and  72 
hours  than  in  the  vaccinated  blood.  In  no  case  however  was  the  blood 
sterilized.  Clearance  studies,  reoorted  on  page  43  this  report  indicate 
that  in  the  mouse,  removal  of  organisms  from  the  blood  stream  is  most 
effectively  Derformed  by  the  liver. 


- 
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Table  6 

1 

Bactericidal  effect  of  human  blood 

• 

I 


Agg.  Titer 


lood  tested 


lonnal 

1 

2 

3 

U 

5 

8 

acclnated 


raccination 

1 (U  mo.) 

2 (2  mo.) 

3 (2  no.) 

U ( 1 mo.) 

5 (1/2  mo*) 

6 (1/2  mo.) 
©covered 


co very 

1 T ye  are 

2 h years 

3 (1  1/2  me.) 
li  (9  mo.) 

5 (2  mo.) 

6 (2  mo.) 

7 (l  mo.) 


irrarsiftregi 


was  inocuiatea  witn  a 
calculated  dosage  of  U00  organisms  per  ml. 
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Table  7 

Bactericidal  effect  of  human  blood 


Blood  tested 

Agg.  liter 

Normal 

1 

0 

2 

0 

3 

0 

U 

0 

5 

0 

6 

0 

Vaccinated 

1 (U  mo.) 

1:320  ; 

2 (2  mo.) 

1:160 

3 (2  mo.) 

1:160 

U (1  mo.) 

l:6b0 

5 (1/2  mo.) 

l:fii0 

6 (1/2  mo.) 

1:160 

Recovered 

1 ? years 

1:80 

2 U years 

1:320 

3 1 1/2  years 

1:320  i 

U (9  mo.) 

1:1280 

5 (2  moi) 

1:2560 

6 (2  mo.) 

1:5120 

7 (1  mo.) 

1:61|D 

Hour  of  Testing 


2 X 103  3 X 103 

2 X 10s  1 X 103 
2 X 103  2 X 103 
2 X 103  1X1 03 
2 X 103  2 X 103 
6 X 103  1 X 104 

2 X 103  U X 103 

2 X 103  2 X 10 3 
1X103  1 X 103 

3 X 103  1 X 10* 

2 X103  1 X 103 

2 X 103  2 X 10 3 

3 X 103  1 X 103 

2 X 103  9 X 10* 

1 X 103  1 X 103 

2 X 103  IX  103 

2 X103  1 X 103 

2 X 103  2 X 10a 

2 X 103  2 X IOa 


was  inocuia 

a calculated  dosage  of  LiOOO  organisms  per  ml. 


1 X 10® 

3 X 104 
9 lid3 

2 X 103 
1 X 104 

1  X 104 

1 ♦ 2 log 

3 ♦ 1 log 

2 same 
5 X 103 

1 X 104 

2 xao3 
u x 103 

9 X 103 

3 X103 

r*riog 

5 same 
2 X 103 
2 X 103 

1 X 10a 

2 X 103 
5 X 10a 
U x ioa 
7 X 10a 

3 saTie 

U - 1 lo 


uiion  o 


7 X ID* 

U X 10* 

3 X XO4 

1 X 104 
6 X 104 

2 X 104 

mriog 

2 + 2 log 

5 X 103 
U x 104 

3 X 104 
2 X 103 
2 X 104 

1 X 104  i 


i same 
U ♦ 1 log 

1 X 104 

5 x 103 

6 X 104 
1 X 103 

9 x 103 

u X 103 
1 X 104 


3  ♦ 1 lo 
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Table  8 


Bactericidal  effect  of  rabbit  blood 


Rabbits' 

Agg. 

Hour  of  testing 

1 

Category 

Treatment 

Titer 

6 

—SB 

- 

t2 

* 

Normal 

1 

None 

0 

1*  X 10** 

8 X 10* 

1 X 10* 

8 X 10* 

2 

Vaccinated 

None 

T 

Jap  A 

0 

3 X 10* 

5 x io* 

1 X 104 
-71 

♦2 

li  X 104 
♦1 
♦2 

1 

1*320 

2 X 10* 

2 X 10* 

1 X 10* 

U X 10* 

2 

Jap  B 

It  160 

3 X 10* 

3 X 10* 

1 X 10* 

1 X 103 

3. 

Recovered 

Jap  H 

1:80 

3 x 10* 

5 X 10* 

8 X 10* 
3 same 

5 1 108 

2 same 

: ♦ i 

1 

! I 

Jap  A 

1:1280 

U x io* 

1 X 10* 

U X 101 

2 X ID1 

2 

Jap  B 

1:320 

U x io* 

2 Z 10* 

8 X IO1 

3 X 10* 

3 

Jap  H 

l:10,2l<0 

3 X 10* 



1 X 10* 

■ 

U X 101 

5 X 10 x 
3-1 

l 

t The  heparinized  blood  was  inoculated  with  a suspension  of  Sm  to  give 
a calculated  dosage  of  UOO  organisms  per  ml. 


•f  Rabbits  were  injected  with  1 ml  of  phenolized  vaccine  of  the  strain 
designated  containing  UOO  million  organisms  per  ml. 

+ Rabbits  which  had  recovered  after  an  infecting  dose  of  1*00  million 
living  organisms  of  the  strain  designated. 


Table  9 


Bactericidal  effect  of  rabbit  blood 


{Rabbits 

Agg. 

Hour  of  Testing 

Category 

Treatment 

Titer 

0 

1 

U8 

7$ 

Normal 

1 

None 

0 

3 X 10** 

3X1 p3 

1 

U x io3 

1 X 10® 

2 

None 

0 

3 X103 

2 X 103 

3 X104 

5 X 104 

Vaccinated 

1 

Jap  A ^ 

1:320 

2 X 103 

5 X ioa 

1 ♦ 1 log 
1 same 

U X 10* 

1 ♦ 2 log 
1+1  log 

U X 103 

2 

Jap  B 

1:160 

2 X 103 

1 X 103 

3 X 103 

U X 103 

3 

Jap  R 

1:80 

2 X 103 

2 X 103 

3 X 103 

U x 103 

Recovered 

1 

Tf 

Jap  A 

1:1280 

U X 103 

8 X 103 

1-1  log 
2 same 

h X 10* 

3 same 
2 X 10* 

2 

Jap  B 

1:320 

3 X 103 

1 X 103 

8 X 10* 

3 X 10* 

3 

Jap  H 

1:10,2^0 

3 x 103 

7 x 10* 

2 X 10* 

2 X 10l 

— 

3-1  log 

2-1  logj 
1-2  logj 

T 

* The  heparinized  blood  was  inoculated  with  a suspension  of  Sm  to  give 
a calculated  dosage  of  U, OOO  organisms  per  ml* 


4-  Rabbits  were  injected  with  1 ml  of  phenolized  vaccine  of  the  strain 
designated  containing  U00  million  organisms  per  ml* 

•ft  Rabbits  which  had  recovered  after  an  infecting  dose  of  U00  million 
living  organisms  of  the  strain  designated* 


Figure  1 The  effect  of  normal,  vaccinated  and  recovered 


human  whole  blood  when  Inoculated  with  1*09' 
organisms  per  ml  and  sampled  at  fchi  time  shown. 


Figure  2 The  effect  of  normal,  vaccinated  and  recovered 
rabbit  whole  blood  when  inoculated  with  liOO 
organisms  per  ml  and  sampled  at  the  time 


shorn* 


Figure  ^ RABBIT  BLOOD 
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II.  raiUNITI  STUDIES 

C.  Aacoli  testa: 

Recent  reports  by  Larson^  ^ have  indicated  that  this  test  could 
be  used  to  identify  an  antigen  present  in  animals  dying  of  tularemia  or 

plague.  The  antigen  from  tularemic  animals  and  from  cultures  is  thermo- 

\ 

stable,  soecific,  extractable  with  ether  and  is  acetone  insoluble.  It 
is  stable  enough  to  remain  reactive  in  dead  animals  for  1 h days.  The 
chemical  nature  of  this  antigen  was  not  defined  nor  was  the  time  of  its 
aopearance  or  the  relation  of  the  antigen  to  the  presence  of  antibodies 
in  the  animal  elucidated. 

It  seemed  worth  whils  in  connection  with  other  studies  on  the 
virulence  and  isnunogenicity  of  various  strains  of  Bacterium  tularense 
to  ask  the  following  questions:  1.  When  does  the  Ascoli  antigen  appear 

in  the  infected  animal,  in  the  challenged  immune  animal,  and  what  is 
its  relation  to  antibody  occurrence;  2.  What  is  the  relation  to  virulence 
of  the  strain  used  to  infect  the  mouse;  3*  Is  the  Ascoli  antigen 
immunogenic  for  white  mice? 

In  preliminary  experiments  mice  injected  for  other  experiments 
were  routinely  examined  after  autopsy  for  the  presence  of  the  thermo- 
stable antigen.  The  liver  and  spleen  were  pooled,  ground  and  mixed 
with  four  ml  of  saline  thus  giving  roughly  a 1:5  dilution  of  tissue. 

This  was  heated  in  flowing  steam  for  30  minutes,  centrifuged  and  the 
supernatant  used  for  preciDitin  tests.  The  sera  used  are  normal  rabbit 
serum  and  immune  rabbit  serum  with  an  agglutinin  titer  of  1:2560.  A 
summary  of  this  experiment  is  shown  in  Table  10.  The  results  shown  in 
Tabli  13  siggestad  that  strains  of  both  high  and  low  virulence  when 


I 

! 

i 


Tabid  10 

The  number  of  mice  shewing  the  Ascoli  antigen 
following  death  from  challenge 


rabbit  serum  J 

Ince  ♦ imnune  U-8  I 1/7  I16U 

rabbit  serum  I 
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glven  in  sufficient  amounts  to  kill  mioe  produced  tho  Aacoli  antigen  in 
the  tissues.  It  may  he  significant  that  only  one  out  of  seven  nice  which 
had  received  lsnune  eerun  contained  the  Ascoll  antigen. 

In  attempting  to  answer  the  question  of  when  the  antigen  appears 
and  whether  its  appearance  hears  any  relation  to  virulence  and  agglu- 
tinating antibodies  a series  of  tales  were  inoculated  with  strains  of 
low.  moderate,  and  high  virulence  and  were  sacrificed  daily  in  groups 
of  three.  They  were  hied  from  the  heart  for  serum  for  agglutination  tests 
and  after  washing  the  liver  and  spleen  to  retnove  adherent  organisms  the 
tissues  were  pooled  and  treated  as  given  above.  The  supernatant  was 
used  for  the  precipitin  test  and  the  mouse  se-um  was  used  for  agglutination 
tests  ?.n  the  usual  manner.  A suanary  otf  this  experiment  is  given  in 
Table  11.  The  figures  are  pooled  for  each  46  hours  and  the  titers  re- 
present the  reciprocals  of  the  highest  and  lowest  recorded  in  the 
various  groups.  The  results  suggest  that  the  antigen  occurs  in  mioe 
given  lethal  doses  of  the  virulent  organisms,  Sm  1 and  BB,  LD50  10  * * 
when  the  animals  are  tssted  on  the  third  or  fourth  day.  The  animals 
given  strains  of  lower  virulence,  Jap  1,  Jap  2,  and  SaO,  do  not  show 
the  antigen  unless  given  lethal  doses.  Jap  H on  the  other  hand  which 
is  of  very  moderate  virulenee  gave  some  evidence  of  the  antigen  in 
sublethal  doses.  Since  this  organism  is  known  to  multiply  in  the 
mouse,  the  multiplication  of  the  organism  may  he  necessary  for  the 
production  of  the  antigen.  The  mice  challenged  with  the  BB  strain 
after  immunisation  showed  only  two  out  of  fourteen  positive. 

All  of  the  mice  developed  agglutinins  and  only  in  the  case  of  the 
Jap  Q mice  wero  the  agglutinins  low  when  the  antigen  was  present  and 


Development  of  the  Ascoli  antigen  in  mice 


It- 16  0/6  16-6U  0/6 


Table  11  (cont«) 
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high  when  the  antigens  were  absent* 

Tout  strains  of  varying  virulence  were  extracted  by  Larson's 
method.  A standard  suspension  of  eaeh  strain  was  used  and  the  various 
extracts  as  shown  in  Table  12  were  used  in  precipitin  tests.  Our  re* 
suits  agreed  with  Larsons  in  that  heat  and  other  extraction  gave  reactive 
antigens.  Jap  H arvd  So, 'both  of  then  ineauno^cnic  but  Jap  H of  lower 
virulence,  gave  a higher  average  titer  for  all  extracts.  Jep  C and 
SnO,  which  are  non-imnunogenio  and  of  lower  virulence  gave  low  titers 
or  none  at  all.  Larson  showed  that  the  completely  a virulent  38  gave 
less  antigen  than  the  virulent  strains  if  extracted  with  ether  but 
the  same  when  extracted  with  heat  alone.  Ve  found  this  was  true  far 
Jep  C hut  not  8m0.  A reactive  sntigen  was  apparently  present  with 
ether  extract  alone  from  SmO  hut  not  in  the  other  extracts.  The  most 
reactive  antigen  was  obtained  from  cultures  by  means  of  ether  extrac- 
tion followed  by  acetone  precipitation  (Dj).  These  experiments  *re 
preliminary  and  should  be  pursued  using  smooth  end  non-smooth  variants 
of  varying  degress  of  laaunogenlelty  end  virulence. 

In  connection  with  other  Ascoll  tests  a large  amount  of  the  anti- 
gen was  prepared  for  infection  into  white  mice  to  test  the  immunogen- 
iclty  of  the  antigen  for  this  animal.  Larson  ^ had  reported  that 
sther  extracted  or  heat  and  ether  extraoted  cultures  provoked  both 
agglutinins  and  preclpitlns  in  rabbits*  a maximum  titer  of  1(1280 
agglutination  and  1(512  precipitation. 

The  antigen  for  these  tests  was  prepared  as  before  by  the  inocu- 
lation of  0.5  ml  of  living  Jap  H containing  400,000  cells  into  each 
mouse.  The  mice  were  killed  24*  48  , 72*  and  96  hours  after  injection 
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Table  12 


Pricipitin  tests  and  Ascoll  antigen  extracts 
from  cultures  of  variant  strains 


i 


leans  of 

Strains  used  and  L06c 

, 

uAUraCblOQ 

Jap  H 1 Cr"° 
S 

Jap  c 1CT°*° 
NS 

soa  ic r8** 
s 

n “ 

Culture,  super- 
nate  cantrifuged 

0 

0 

8- 

0 

A 2 

Supernate  after 
heat 

32 

32 

6U 

0 

KL 

Supernate  A 
pptated  acetone 

0 

0 

0 

0 

B2 

Heat  plus  acetone 

8 

32 

16 

0 

• 

Cl 

Supernate  after 
ether 

6* 

16 

32 

16 

i 

I 

C2 

Heat  and  ether 

32 

16 

6k 

0 

, 

D1 

Ether  and  acetone 

256 

16 

128 

0 

D2 

Ether  plus  heat 
plus  acetone 

6U 

16 

128 

0 

r 

t 

l 

t 

Average  titer 


76 


22 


63 


and  the  tissue*  from  each  lot  were  ground  end  treated  as  follows) 


A.  Heated  one-half  hour  in  flowing  storm  end  centrifuged  and  the 
supernatant  saved  (Heat). 

*13.  Ao  above  hut  adjusted  to  pH  3.0,  precipitated  with  cold 
methyl  alcohol:  pH  adjusted  to  7.0,  and  allowed  to  stand 
over  night,  The  precipitate  was  discarded  and  the  pH  ad- 
justed to  4,5.  Equal  parts  of  acetone  added,  and  tho  preci- 
pitate dissolved  in  ono-half  the  original  volume  (HAc). 

E.  The  ground  tissues  were  extracted  with  ether  following 
Larsons  directions  and  divided  into  two  parts.  One  part 
was  used  without  further  treatment  (E).  The  other  part 
was  heated  and  precipitated  with  acetone  (HE). 

C.  The  ground  tissues  were  extracted  with  ether  as  before 
and  the  aqueous  phase  was  divided  into  two  parts.  One 
part  was  precipitated  with  cold  methyl  alcohol.  The  pre- 
cipitate was  dissolved  in  normal  saline  to  ono-half  the 
original  volume  (A1E).  Sot  all  of  this  precipitate  dis- 
solved until  it  was  treated  for  twenty  four  hours  In  the 
refrigerator  with  buffered  saline  pH  8*0  (A1EB).  The 
second  part  of  the  aqueous  phase  from  the  original  extract 
was  precipitated  with  acetone  and  the  precipitate  dissolved 
in  one-half  the  original  volume  in  saline  (AcE). 

These  various  preparations  were  injected  int rsperitoneally  in  0.5  ml 
amounts  into  18  mice  and  they  were  given  four  injections  on  alternate 
days.  Ten  days  after'  the  final  injection;  the  mice  were  challenged 
with  the  virulent  etreda  S»  and  an  LD^q  determined  using  6 mice  per 
dilution. 


The  alee  evidenced  no  insanity  since  the  LD50  of  the  test  nice 

ft  A 

▼erled  from  10  to  10  * end  the  control  aloe  shoved  an  LD^ 

—8  8 

of  10  * . There  was  no  significant  prolongation  of  life  when  the 

test  alee  were  challenged  with  100  LDg^,  there  was  one  day  and  2.6 
days  prolongation  at  10  LDgg  and  1 LD  respectively.  Xt  is  doubtful 
if  any  real  significance  can  he  attached  to  this  prolongation  of  life. 

The  results  are  sunoarised  in  Table  13.  As coll  tests  performed  on 
all  the  extracts  were  negative.  This  nay  be  explained  by  the  fact  that 
ve  have  rarely  recovered  the  Ascoll  antigens  from  nice  which  were  not 
dead  or  dying  from  an  ovenfcelzdng  Infection. 


Table  13 

Sunaary  of  the  results  of  the  direction  of  tissue 
extracts  prepared  by  Larsons  method 


LDqO  1 

i 

| Ascoli  test 

i 

IQ-e.s 

Meg* 

icr».ot 

Neg. 

lCr*>°+ 

Neg. 

XI.  IlttUHITY  STUD  1 23 


D.  Mouse  Clearance 

Tt  have  previously  made  quantitative  studies  on  the  progress  of 
inflation  in  normal  and  immune  rata  following  inoculation  of  oultipla 
lathal  doses  of  virulent  strain!  of  Bacterium  tularense.^^  The 
results  demonstrated  that  immune  animals  were  able  to  limit  the  mul- 
tiplication of  the  organisms  in  tissus  while  in  normal  animals 
multiplication  continued  unchecked  until  death.  Woodward,  in  our 
laboratory,  showed  that  mioe  Infected  with  virulent  strains  died  with 
an  overwhelming  infection  on  the  fourth  to  sixth  day,  whereas  mioe 
which  had  recovered  from  infection  with  strains  of  low  virulence  were 
able  to  limit  the  multiplication  of  virulent  challenge  strains  on  the 
fourth  to  fifth  day.  The  organisms  Invaded  the  tissues,  multiplied, 
then  decreased  in  numbers,  remaining  only  in  the  spleen  for  several 
weeks.  The  sharp  limitation  of  numbers  on  the  fourth  to  sixth  day 
was  striking  evidence  of  ths  ability  of  the  organisms  to  overcome  in- 
fection. 

Many  workers  have  shown  that  after  Intravenous  inoculation  of  nor- 
mal animals,  thsre  is  sn  initial  decrease  of  the  organisms  in  the  blood, 
then  an  increasing  baotereala  until  death.  In  view  of  the  differences 
shown  between  tho  normal  and  immune  animals  in  previous  experiments, 
it  sseaed  worth  while  to  study  the  distribution  of  Bacterium  tul arenas 
in  normal  and  1 mains  aloe,  following  intravenous  inoculation  of  large 
numbers  of  organisms. 

In  the  experiments  we  are  now  reporting,  large  numbers  of  virulent 
organisms  were  inoculated  into  the  tall  vein  of  normal  or  lmsune  mice. 


The  immune  an lml ■ bad  recovered  from  a sub lethal  infection*  Approx- 
imately two  to  four  million  organisms  were  inoculated  into  the  mice. 

In  each  experiment,  two  mice  were  killed  at  once,,  at  4.  6,  and  24  hours 
after  inoculation.  Blood  was  obtained  from  the  heart  for  culture,  and 
the  liver,  spleen,  and  lungs  were  weighed,  ground  and  cultured*  All 
plate  counts  were  made  by  surface  streaking  on  GCBA  plates.  The  number 
of  organiems  per  gram,  and  the  number  per  tissue  was  recorded.  The 
latter  figure  is  obtained  by  multiplying  the  number  per  gram  by  the 
weight  of  the  organ.  She  total  number  of  organisms  recovered  was 
the  sum  of  those  obtained  from  blood,  liver,  spleen,  and  lui^s,  and 
did  not  therefore  represent  all  of  the  organisms  present  in  the  animal. 

figure  3 shows  the  results  obtained  in  the  earlier  work  referred 
to.  and  shows  the  behavior  of  virulent  organisms  Inoculated  into  nor- 
mal mice,  and  into  mice  which  had  received  an  immunising  dose  of  the 
immunogenic  strains  of  lowered  virulence.  Zt  is  apparent  that  the 
organisms  multiplied  during  the  five  days  of  sampling,  but  to  a lesser 
degree  in  the  immune  than  in  the  normal  mice.  The  differences  in 
survival  should  be  noted.  All  normal  mice  were  dead  on  the  fourth  day 
whereas  the  Immune  mice  gave  from  92  to  100  per  cent  survival. 

In  the  present  work  we  attempted  to  find  out  what  differences 
were  apparent  between  the  norma},  and  ioouce  animals  in  the  period 
immediately  after  introduction  of  the  organisms  in  the  blood  stream. 

figure  4 shows  the  per  cent  of  the  total  organisms  recovered  from 
the  blood,  liver,  and  spleen  in  the  respective  tissues  of  mice  and 
the  par  cant  of  the  total  in  the  lung,  liver,  and  spleen. 
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ttgure  3.  The  Multiplication  of  a rimlant 
challenge  strain  in  noroal  and  iunintsed 


■ice. 


Log.  of  Combined  Nufober  of  Organisms  in  Heart  Blood,  Spleen  and  Liver 


figure  4t  The  per  cent  of  the  total  number 
of  organises  recovered  froa  the  respective 
tissues  and  the  per  cent  of  the  total  in  the 
liver « lung,  and  spleen  - of  normal  and 
actively  immunised  mice. 


Percent  of  total  organisms  recovered  in  various  tissues 


~U7‘ 


At  the  first  period  within  five  to  fifteen  aizmtes  after  injection, 
89  per  cent  of  the  organism  could  be  recovered  froa  the  blood  in  the 
normal  mice.  In  the  immune  mico  there  teemed  to  be  a striking  and 
immediate  concentration  of  organisms  in  the  liver.  At  the  fourth  hour, 
the  organisms  had  very  largely  been  concentrated  in  the  spleen  in  the 
normal  mice,  although  the  per  cent  of  organisms  recovered  had  increased 
in  the  liver  also*  The  liver  of  the  inoune  mice  still  retained  most  of 
the  organisms  recovered.  After  the  sixth  hour  the  per  cent  of  organ- 
isms has  increased  in  the  liver,  and  decreased  in  the  spleen,  whereas 
at  24  hours,  the  reverse  is  true*  The  per  cent  of  organisms  has  in- 
creased also  in  the  spleen  in  the  immune  animals. 

The  total  number  recovered  as  determined  by  figuring  the  per  cent 
recovered  froa  the  total  inoculum  was  less  in  the  immune  than  in  the 
normal.  As,  for  instance,  60  and  70  at  the  0 hour  for  the  normal, 
and  26  to  28  for  the  ianune.  The  percentage  recovered  becomes  pro- 
gressively less  for  the  normal  and  immune  to  the  sixth  hour  when 
multiplication  starts.  The  details  of  five  experiments  representiz^ 
the  average  figures  on  ten  normal  and  ten  immune  mice  sacrificed  at 
the  indicated  hours  are  given  in  Table  14.  It  may  be  seen  that  the 
total  number  of  organisms  cultured  froa  the  immune  mice  at  24  hours 
is  materially  less  than  the  number  froa  the  normal  mice. 

The  immune  mice  had  agglutinins  in  the  serum  and  it  is  reasonable 
to  suppose  that  the  organisms  would  be  sgglutinated  in  the  slow  flow- 
ing blood  of  the  liver  sinuses  and  spleen  and  would  be  readily  phago- 
oytoeed.  This  probably  accounts  for  the  rapid  removal  of  the 


Clearance  testa  in  mice 

Average  of  five  typical  experiments  in  actively  immunised  mice 
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Ihe  figures  represent  the  average  number  of  organisms  isolated  per  tissue  X 104.  The  total  number 
of  mice  sacrificed  at  each  hour  was  10  so  that  each  count  on  immune  or  normal  mice  represent  th* 
average  of  organisms  found  in  10  mice  in  the  respective  tissues* 


organisms  from  the  blood  of  the  immune  animal,  but  it  is  more  difficult 
to  account  for  the  suppression  of  multipll  cation  in  the  immune  animal 
at  the  6 and  24  hour  intervals,  since  our  studies  have  shown  only 
slight  bacteriostatic  effect  of  whole  blood. 

Our  results  on  normal  mice  are  very  similar  to  those  of  Martin, 
(12) 

et  al,  ' who  showed  that  high  proportion  of  both  pneumococci  and 
ataphylooooci  are  concentrated  in  the  splanchnic  area  of  rabbits 
during  fatal  septicemias.  Our  immune  animals  behaved  toward  virulent 
organisms  much  as  the  normal  rabbits  behaved  toward  the  relatively 
avlrulent  staphylococci.  Our  results  and  theirs  point  to  an  initial 
concentration  of  organisms  in  the  liver  and  spleen  in  normal  animals 
followed  by  multiplication  in  the  same  areas  with  an  increasing 
septicemia  from  washing  out  of  the  organisms  into  the  blood  at  ream. 

Zn  immune  animals  the  same  procedure  appears  to  occur  after  the  initial 
more  rapid  clearance  of  the  blood  except  that  the  degree  of  multipll- 
cation  is  less,  and  there  is  a gradual,  but  continued,  decrease  in 
multlpllcaton  of  organisms  until  the  animals  recover. 

Subse<|xent  clearance  experiments  carried  out  in  mice  paeslvely 
protected  by  Immune  serum  from  rabbits  which  had  recovered  from  a 
sub  lethal  infection  with  the  strain  Jap,  revealed  that  the  organisms 
were  concentrated  in  the  liver  as  before  in  the  immune  alee  within 
10  to  15  minutes  after  injection.  After  the  sixth  hour,  multiplication 
took  place  in  the  liver  and  spleen  and  in  these  two  series  the  mul- 
tiplication in  the  immune  mice  after  24  hours  was  less  than  in  the 
normal  but  the  difference  was  much  less  striking  than  in  the  actively 
li«aun«  mice.  These  results  are  graphically  shown  in  7igure  5. 
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Figure  5:  The  per  cent  of  the  total  number  of 

organism*  recovered  from  the  respec- 
tive tissues  of  normal  and  passively 


Immunised  mice 
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Table  111  and  17  in  the  appendix  show  the  detailed  counts 
end  percentages. 

Passive  clearance  was  also  done  on  i amine  serum  which  had  been 
fractionated.  The  fraction  used  gave  the  sane  general  results  as 
the  whole  Immune  serum  as  seen  froa  Figure  6.  The  details  of  this 
experiment  are  set  forth  in  Tables  7 and  71  in  the  appendix. 
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figure  6r  Die  per  cent  of  the  total  number 
of  organisms  recovered,  from  the 
respective  tissues  after  the  injection 
of  normal,  immune,  and  fractionated 


lsaune  serum  into  mice 


Percent  Recovered  from  V-orious  Tissues 


Lung  less  than  one  percent 
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III.  TiEIATIOH  STUDIES 


Studies  on  variation  of  certain  strains  of  Bacterium  tularense  are 
belig  continued  with  the  hope  of  correlating  the  relation  of  colony 
type,  immunogenic! ty,  antigenicity  and  virulence. 

The  work  reported  here  is  a continuation  of  the  studies  on 
variation  given  in  the  report  for  the  first  six  months  of  the  project. 
They  will  he  discussed  under  the  following  topics:  A,  The  antigenic 
response  to  variant  strains  in  rabbits  and  rats.  B,  The  behavior  of 
smooth  virulent  forms  in  white  mice  and  rats.  C.  The  multiplication 
of  variant  strains  in  white  mice.  The  details  of  these  experiments 
are  given  in  the  appendix,  the  methods  and  results  will  be  summarised 
here. 

A,  The  antigenic  response  to  variant  strains  in  rabbits,  and,  rats. 

ffe  have  previously  reported  the  selection  of  smooth  and  non- 
smooth colonies  from  a variety  of  parent  strains  of  Bacterium  tularense 
using  the  methods  described  by  Verner  Braun  in  numerous  publications. 
These  variant  strains  have  been  shown  to  be  divisible  into  two  groups 
on  the  basis  of  their  properties  in  whits  mice. 

Group  I 


1.  Colony  type  smooth 

2.  Virulent  for  white  mice  to  some  degree 

3.  Immunogenic  for  white  mloe 

4.  Toxic  for  white  mice 

5.  Multiply  in  mice  after  small  lnoeula. 


Group  II 

1.  Bon- smooth 

2.  Avirulent 

3.  Bon- immunogenic 

4.  Bon-toxlc 

5.  Multiply  poorly. 


The  properties  of  oolony  type  and  lasminogenlcity  in  many  different 


species  of  microorganisms  are  linked  with  the  presence  or  absence  of 
oertaln  antigens.  These  studies  on  Bacterium  tularense  are  attests  to 
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find  evidence  of  such  antigen  association.  Studies  by  Wright,  J 
(14) 

Nicholes  ' and  ourselves  have  not  indicated  that  the  tularense 
carbohydrate  is  ladklng  in  avirulent  cells.  Larson  also  has  demon- 
strated that  the  heat  stable  antigen  of  the  Ascoli  test  is  present 
in  cultures  of  avirulent  cells.  That  the  avirulent  cello  behave 
differently  from  the  virulent  cells  can  be  readily  seen  from  the 
following  experiment. 

The  antigenicity  and  immunogenicity  of  the  variants  chosen  were 
tested  on  the  susceptible  rabbit  and  the  more  resistant  rat  in  the 
following  experiment.  The  antigenicity  of  the  strains  was  measured 
by  the  agglutinin  titers  after  Infection  and  the  inmunogenicity 
by  the  resistance  of  the  animals  to  challenge  with  a virulent  strain. 

The  variants  chosen  were  Hi  1 and  Jap  H representing  members 
of  Group  I,  smooth,  partially  virulent,  and  immunogenic  for  white 
mice.  Hi  2 and  Jap  B were  members  of  Group  II,  non-smooth,  avirulent^ 
non- immunogenic. 

five  animals  were  injected  with  each  variant.  They  received  3 
intravenous  injections  on  alternate  days,  containing  2 to  4 million 
organisms.  Agglutination  titers  were  determined  after  each  injection 
series  at  2,  4,  6,  and  10  days.  At  21  days  the  injection  series  was 
repeated  and  the  agglutination  titers  were  determined  after  27,  29,  31 
and  35  days  after  the  first  injection  or  2,  4,  6,  and  10  days  after 
the  second  injection.  All  of  the  animals  were  bled  from  the  heart 
on  the  35th  day  to  obtain  serum  for  dissociation  experiments. 

On  the  38th  day  all  of  the  animals  together  with  -normal  controls 
were  challenged  with  a virulent  strain,  Sm  A.  The  rats  received 
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0.5  ml  containing  400  million  calls  and  the  rabbits  received  40  cello 
administered  lntraperitoneally.  The  individual  titers  are  given  in 
the  appendix.  Table  Til  and  Table  Till.  Table  15  and  figure  7 and 
figure  8 give  a summary  of  the  results.  The  average  titer  for  the 
5 animals  in  each  case  was  obtained  by  averaging  the  cumber  of  the 
tube  in  the  ser^ss  corresponding  to  the  respective  titer.  The  actual 
average  titer  was  then  determined.  Hi  1 produced  the  highest  titer 
in  rabbits  and  Jap  H the  highest  in  rats  following  the  first  series 
of  injections.  Hi  2 and  Jap  B,  the  non-smooth  variants,  induced 
only  a meager  response  in  rabbits  and  a somewhat  higher  response  in 
rats.  In  neither  case  was  the  titer  as  high  as  in  the  Hi  1 end  Jap  H 
animals. 

The  second  series  of  Inoculations  evoked  a rise  of  titer  in  rats 
with  all  variants,  but  in  the  case  of  Jap  H the  peak  did  not  rise 
above  the  level  attained  on  the  10th  day  after  the  first  series.  Ho 
marked  rise  was  observed  in  rabbits  after  the  second  series  of 
injections. 

Although  in  rats  £1  1 and  Jap  H gave  greater  response  than  Hi  2 
and  Jap  B,  the  contrast  was  not  as  great  as  in  rabbits.  This  may  be 
seen  from  figures  7 and  8. 

The  details  of  the  results  of  challenge  in  the  rats  and  rabbits 
are  given  in  Table  IX  in  the  appendix.  Hone  of  the  rabbits  survived 
100  mouse  LD^q  of  the  virulent  strain  though  there  was  a slight  pro- 
longation of  the  average  day  of  death  in  all  of  the  rabbits.  The  rats 
survived  10  million  mouse  LDqq  with  one  exception.  This  animal  died 
the  same  day  as  the  oontrols. 
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Table  15 

Coopariaon  of  the  Reciprocal  of  the  Average 
Agglutinin  Titers  in  Rabbits  end  Rats 


,Vari- 


AnimaT 


initial  injection* 


ant 

“r* 

— 5 — 

TT 

“15 

st 

Ril 

IDs/ 

10r*‘ 

Rabbit 

•Rat 

0 

2b 

b8 

128 

1280 

20b8 

28672 

5120 

358b 

102b 

230b 

b068 

3072 
6l  bb 

2560 

3072 

130b 

2560 

NS 

iRio 

icfo.i 

Rabbit 

\ 

Rat 

0 

56 

0 

6b 

0 

11 2 

20 

128 

20 

160 

5 

320 

b 

320 

0 

320 

0 

112 

"'KS 

Jap  B 

icrx*: 

Rabbit 

► 

Rat 

m 

20 

112 

2b 

6bo 

28 

576 

■ 

0 

1792 

0 

102b 

s 

Jap  H 

10-4. « 

Rabbit 

Rat 

0 

0 

2b 

6U0 

570 

I02b0 

bb8 

12288 

i ! 

160  j 22b  j 160 

j 4 

! 61 bb  i 3072  ! 5120 

lbb 

3328 

192 

3328 

■f  S • NS  » Non  Smooth 


t The  mouse  LDBO  is  given  for  the  various  strains 
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Figure  7s 


The  antigenic  response  in 
rabbits  to  Bacterium  tularense 


variants 


The  Antigenic  Response  Induced  in  Rabbits  by  Four  Variants 


Days  After  Initial  Injection 
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Figure  8:  The  antigenic  response  in  rats 

to  Bacterlun  tularense  variants. 


The  Antigenic  Response  Induced  in  Rots  by  Four  Vorionts 
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Table  16  gives  a comparison  of  the  average  agglutinin  titer  and 
the  average  day  of  death  in  both  groups  of  animals. 

There  seams  to  be  evidence  here  that  the  smooth  strains  Hi  1 and 
Jap  H have  an  agglutinogen  which  is  more  active  or  is  lacking  in 
Ri  2 and  Jap  B.  The  antigen  which  is  responsible  for  lmminogeniclty 
in  rats  is  apparently  present  in  both  smooth  and  non-smooth  strains, 
whereas  the  antigen  responsible  for  protection  of  mice  is  largely 
lacking  in  the  non-smooth  strains.  Rabbits  as  usual  can  be  shown 
to  respond  with  agglutinins  but  are  not  immune  to  challenge  doses. 
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Thble  16 


Conpariaon  of  Average  Agglutinin  Titer 
with  Average  Day  of  Death  following 
Challenge  with  Sm  A 


Titer  (1)  tested  ADD  (2) 


0/3  Survived 


(1)  Determined  3 days  prior  to  challenge*  Represents  average 
titer  of  animals  actually  challenged* 


(2)  Average  day  of  death  of  animals  challenged. 


a 

in 


— 6lr— 


III.  VAHIATION  STUDIES 

B.  The  behavior  of  smooth  virulent  form*  In  white  nice  and  rate. 

The  Sa  1 variant  was  selected  for  these  experiments  which  were 
designed  to  determine  if  there  was  any  dissociation  to  non- smooth 
forms  in  normal,  highly  susceptible  white  alee,  in  mice  Infected  and 
then  treated  with  streptomycin,  in  mice  immunised  by  an  infection 
which  had  been  held  in  check  by  strep tooycin. 

Sa  1 is  a variant  selected  for  smoothness  and  virulence  from  the 
parent  virulent  Sa  strain  which  is  predominantly  smooth  but  which 
dissociates  when  stored  in  broth  into  smooth,  non-smooth  and  mucoid 
colonies, 

fifty  nine  mice  were  injected  lntraperltoneally  with  two  to  four 
hundred  organisms,  forty  nine  mice  received  10,000  units  of  di hydro- 
streptomycin  lntraperltoneally  on  the  second  and  third  days  after 
infection,  2000  unite  on  the  fourth  add  seventh  days.  Two  infected 
untreated  and  two  treated  mice  were  sacrificed  at  0,  24,  48  , 72,  and 
96  hours  after  infection.  Impression  nears  of  the  heart  blood  and 
cultures  from  the  emulsified  liver  and  spleen  were  made  on  Snyders 
agar  and  on  GCBA.  The  plates  were  Incubated  72  hours  at  37°  C and 
examined  after  flooding  with  crystal  violet  as  described  in  tbs  re- 
port dated  December  31,  1961. 

In  order  to  test  the  imunogeniclty  of  Sm  1,  two  weeks  after 
the  injection  of  Sa  1,  29  of  the  surviving  treated  alee  were  chal- 
lenged with  0.5  ml  of  Sa  1 (SS)  diluted  to  10"**,  10"7,  10"®.  As 
a control  30  normal  aloe  were  injected  with  Sa  1 in  dilutions  of 
10~8,  10"9,  10~*°.  The  LDgQ  of  the  streptomycin  treated  mice  was 


-62- 


10”6*3,  the  LDgQ  of  the  control*  w at  Tbf&Vti  bt* 

shown  In  Table  17.  It  le  then  apparent  that  the  virulent  Sis  1 was 
immunogenic  if  the  sice  were  treated  with  streptomycin  in  order  to 
hold  the  infection  with  the  virulent  strain  in  check  and  allow 


survival. 

Ten  of  the  treated  imaunised  mice  and  ten  normal  mice  were  each 
injected  intravenously  with  0.5  ml  containing  20  to  40  cells  of  So  1. 
Two  mice  of  each  group  were  sacrificed  at  once  and  24,  48,  72,  and  96 
hours  after  injection.  Bo  change  in  colony  type  took  place  during 
the  four  days  of  observation  in  normal  mice.  Organisms  were  .£•- 
covered  from  the  streptomycin  treated  mice  only  after  48  hours  and 
were  smooth.  Organisms  were  recovered  from  the  immune  mice  only 
at  24  hours  and  also  showed  no  transformation.  This  is  a somewhat 
unsatisfactory  experiment  because  of  the  rapid  disappearance  of 
organisms  from  the  immune  mice.  The  dosage  greatly  affects  the 
survival  and  multiplication  of  the  challenge  strain  and  therefore 
this  experiment  should  be  repeated  with  larger  dosage. 

The  behavior  of  two  variants  in  rats  was  studied  as  follows: 
the  variants  chosen  were  383  smooth  and  completely  avirulent  i>  r 
white  mice;  8m  1 smooth  and  highly  virulent  for  mice  aa  shown  in 
the  previous  experiment.  Two  groups  of  nine  normal  and  nine  Immune 
rate  were  used.  The  latter  had  recovered  from  ten  LD^  doses  of 
8m  A,  a smooth  virulent  variant  of  Sm.  One  group  of  iaxrune  and  normal 
rata  received  1 ml  of  383  containing  200  to  400  million  organisms. 

Ths  aacond  group  received  the  * ajb«  number  of  Sm  1. 


Immediately  after  infection  and  24,  48,  and  72  hours  later, 
two  rats  froa  each  group  were  killed,  at  96  hours  one  rat  only  was 
killed*  Smear  impressions  of  the  heart  blood  and  emulsions  of  the 
liver  and  spleen  were  cultured  and  examined  for  colony  type  on 
Snyders  and  QCBA  as  described  under  the  mouse  experiment* 

Three  of  the  normal  rats  injected  with  Sm  1 were  dead  at  48 
hours  after  injection,  hence  no  results  axe  available  for  the  72 
and  96  hour  intervals. 

The  results  of  this  experiment  are  largely  negative  in  that  no 
organisms  were  recovered  from  either  the  normal  or  immune  rats  after 

injection  with  38  . In  the  normal  rats  injected  with  Sa  1 smooth 

3 

colonies  only  were  observed  after  24  and  48  hours.  In  the  immune 
rats  smooth  colonies  were  observed  after  72  hours  but  no  growth 
was  present  in  the  rats  killed  at  96  hours.  Ho  non-smooth  Sm  colonies 
appeared  in  the  normal  and  immune  rats  in  any  tissue  during  this 
experiment . We  have  thus  been  unable  to  show  that  non-smooth  forms 
appeared  in  either  normal  or  immune  susceptible  animals  (mice)  or 
in  normal  or  immune  resietant  animals  (rats)* 
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III.  VARIATION  STUDIES 

C.  The  multiplication  of  variants  In  white  nice. 

The  ability  of  the 'several  variants  to  multiply  in  white  mice 
haa  been  studied  extensively  in  this  laboratory  in  connection  with 
inmunogenicity  and  colony  type*  The  immunogenic  strains  seea  to 
multiply  well  even  when  they  are  not  highly  virulent  and  are  always 
of  the  smooth  type.  In  this  experiment  great  care  was  taken  In  the 
selection  of  the  strains  and  all  mice  were  given  the  same  Initial 
dose.  The  following  strains  were  selected:  38  parent,  avlrulent 

smooth  and  non- smooth;  383,  avlrulent  smooth;  384,  avlrulent  non- 
smooth;  Jap  parent,  moderate  virulence  smooth  and  non-smooth;  Sm 
parent,  virulent  smooth  and  non-smooth;  So  2,  avlrulent  non-smooth. 

Mice  injected  were  killed  at  once  and  daily  thereafter  for  four 
days.  Spleens  were  weighed,  ground  and  appropriate  serial  dilutions 
were  plated.  The  growth  was  examined  for  colony  type  as  before. 

The  results  from  the  mice  injected  with  38  were  unsatisfactory 
eime  no  g.rowth  occurred  even  in  the  inoculum.  It  is  therefore  omitted 
from  the  table.  This  organism  is  more  particular  about  its  growth  re- 
quirements than  other  strains  and  lack  of  growth  is  a frequent 
occurrence.  It  is  apparent  from  Table  18  that  the  Jap  and  Sm  parent 
strains  grew  well  and  showed  no  non-smooth  colonies.  The  non-smooth 
Sm  2 grew  also  but  not  as  vigorously  as  the  other  more  virulent  strains. 
It  did  not  show  any  ohange  from  the  non-smooth  type  of  colony. 


I 
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Table  18 

The  multiplication  and  morphology  of  variants  during 
infection  in  mice 


Jap  (S)  inoculum f Sm  (S)  inoculum 

U.8  X 103  1.7  X 103 


Sm  2 (NS)  inoculum 
8.5  X 10a 


» 

smooth 

U8 

smooth 

72 

smootth 

96 

smooth 

smooth 

6.5  X 106 

smooth 

h.7  X 10s 

smooth 

1.7  X 10® 

> 

! smooth 

5.6  X 10® 

"l*  This  gives  the  total  number  in  the  inoculum  injected. 
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DISCUSSION 

Various  immunity  reactions  in  highly  susceptible  and  partially 
resistant  animals  have  been  studied  with  a view  toward  understanding 
the  mechanism  whereby  the  animal  which  has  had  prior  experience  with 
Bacterium  tularense  clears  his  tissues  of  the  living  virulent  organ- 
isms used  for  challenge. 

The  pr ope rites  of  the  organisms  which  incite  resistance  on  the 
part  of  certain  hosts  (inmunogenicity)  and  those  which  account  for  virulence 
have  also  been  studied. 

In  the  present  report  we  have  prepared  polysaccharides  from 
fully  virulent  and  partially  virulent  inmuno genic  strains.  We  have 
confirmed  earlier  work  in  this  laboratory  that  such  polysaccharides 
unlike  the  pneumococcus  polysaccharides  are  not  immunogenic  for  the 
white  mouse. 

We  have  attenpted  to  isolate  immunogenic  antigens  from  the  tissues 
of  infected  mice  and  have  shown  that  although  the  length  of  life  was 
prolonged  by  such  antigens,  a high  degree  of  immunity  such  as  that  pro- 
duced by  infection  in  the  white  mouse  was  not  induced  by  these  tissue 
antigens. 

A satisfactory  protection  test  has  been  worked  out  as  well  as 
an  evaluation  of  it.  This  test  will  prove  valuable  in  assessing 
the  protective  antibodies  in  whole  and  fractionated  serum  and  pro- 
bably also  in  evaluating  vaccines. 

We  have  shown  that  serum  from  rabbits  which  had  recovered  from 
infection  with  immunogenic  strains  of  moderate  virulence  is  more 
protective  than  serum  from  rabbits  which  had  received  phenolized 
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vaccines  Bade  fro*  the  same  strains.  Recovered  rabbits  as  well  as  vaccinated 
rabbits  succumb  to  a virulent  challenge  dose  in  spite  of  the  protective  effect 
shown  by  their  serum.  This  is  one  of  the  examples  of  the  difference  with 
which  different  species  react  to  infection  or  vaccination  with  Bacterium 
tularense. 

Protection  tests  with  rabbit  serum  which  had  been  fractionated  has 
been  used  in  preliminary  experiments  in  collaboration  with  the  Biochemistry 
Department. 

A series  of  bactericidal  tests  on  individuals  who  had  been  vac- 
cinated with  F os hays  vaccine  or  who  had  recovered  from  Infections 
acquired  in  the  laboratory  showned  that  whole  blood  from  recovered 
persons  was  more  bacteriostatic  than  whole  blood  from  vaccinated  per- 
sons. The  bactericidal  or  bacteriostatic  effect  at  best  is  slight, 
since  the  blood  is  never  sterilised  even  when  as  little  as  ItOO  cells 
per  ml  of  blood  is  added- 

Bactericidal  tests  on  vaccinated  and  recovered  rabbits  agreed 
with  the  results  on  human  blood  but  the  difference  between  vaccinated 
and  recovered  was  more  pronounced. 

‘Die  bacteriostatic  effect  is  evidently  not  wholely  a matter  of 
agglutination  since  both  vaccinated  and  recovered  bloods  contained 
agglutinins. 

We  report  a series  of  Ascoli  tests  following  Larsons  ^techni- 
que. This  promises  to  be  a useful  tool  and  we  have  shown  in  this  report 
that  the  antigen  is  present  most  abundantly  when  the  mouse  is  over- 
whelmed by  infection  with  virulent  strains.  It  develops  in  the  presence 
of  immunogenic  strains  such  as  Jap  H,  but  develops  weakly  or  not  at 
all  with  strdns  of  low  viulence.  The  latter  strains  produce  agglu- 


— 

tin Ins  however.  It  nay  be  present  also  in  the  presence  of  agglutinins 
but  tends  to  disappear  as  the  animal  recovers. 

Mice  which  are  challenged  after  becoming  actively  immune  or  after 
having  received  immune  serum  rarely  show  the  Aacoli  antigen. 

The  A8coli  antigen  appears  not  to  be  immunogenic  for  white  mice. 
LarsonO*)  reported  the  production  of  agglutinins  in  rabbits  following 
the  injection  of  Ascoli  antigen. 

A series  of  tests  on  normal  and  immune  mice  have  shown  that  the 
lmnune  mice  removes  virulent  organisms  from  the  blood  stream  with 
great  rapidity  and  concentrates  them  in  the  liver,  This  finding 
suggests  that  part  of  the  inn  unity  mechanism  in  the  mouse  is  due  to 
an  effecient  phagocytic  ability  on  the  part  of  the  fixed  tissue  cells 
of  the  liver.  Ihe  circulating  antibodies  of  the  mouse  ere  only  feebly 
protective,  Pannell^  ),  and  this  is  true  for  rabbit  and  human  serum. 

It  is  apparent  that  circulating  antibodies  as  demonstrated  by  the 
protective  text  or  by  bactericidal  testa  are  not  an  index  of  the  resis- 
tance of  the  animal  to  infection.  In  humans,  rabbits,  rats  and  mice 
agglutinins,  protective  antibodies  and  bactericidal  antibodies  are  pre- 
sent after  vaccination  or  after  recovery  but  in  the  case  of  mice  and 
rabbits^  no  solid  immunity  results  after  infection  with  Immunogenic 
strains  of  moderate  virulence,  but  rabbits  do  not  develop  a solid 
immunity.  In  man  and  rats  probably  a higher  degree  of  immunity  results 
from  infection  but  a fair  degree  of  immunity  result*  from  vaccination 
with  killed  cultures. 

Experiments  have  been  planned  to  study  the  combined  role  of 
antibodies  and  phagocytes  on  Immunity  in  rats,  rabbits,  mice  and  humans. 
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A long  aeries  of  studies  on  variants  of  Bacterium  tularcnse  have 
led  to  the  following  accomplishment a: 

(a)  A technique  has  been  worked  out  for  the  recognition  of 
smooth  and  non-smooth  colonies  on  OCBA  plates  as  well  as 
on  Sniders  media. 

(b)  We  have  been  able  to  show  that  our  variants  fell  into  2 
groups.  Group  I is  smooth,  virulent,  innuno genic,  toxic, 
and  has  the  ability  to  multiply  when  inoculated  into  mice 
in  small  numbers,  froup  II  is  non-smooth,  avirulent,  non- 
ismuno genic,  non- toxic,  and  multiply  poorly  in  white  mice. 

We  are  able  to  select  both  smooth  and  non-smooth  colonies 
from  avirulent  strains  but  we  have  no  non-smooth  strains 
which  are  of  full  virulence. 

(c)  Smooth,  partially  virulent  variants  induce  the  formation 
of  high  titers  of  agglutinins  in  rabbits,  and  rats.  Non- 
smooth strains  induce  very  low  titered  agglutinins  in  rabbits 
but  produce  higher  titers  in  rats.  Rabbits  do  not  become 
immune  as  a result  of  recovery  from  living  doses  of  either 
smooth  or  non-smooth  strains.  Rats  on  the  other  hand  become 
solidly  immune  as  a result  of  infection  with  both  types  of 
variants.  These  results  would  seem  to  indicate  that  the 
agglutinogen  present  in  smooth  strains  was  lacking  at  least 
in  part  in  the  non-smooth  strains.  The  immunogenic  antigen 
for  rats  is  evidently  present  in  smooth  and  non-smooth  strains. 
No  more  immunity  to  challenge  is  produced  in  the  rabbit  by 
smooth  than  by  non-smooth  strains  in  spite  of  the  high 
agglutinin  titer. 
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(d)  Experiments  reported  briefly  here  have  shown  no  tendency 
for  smooth  strains  to  dissociate  into  non-smooth  strains 
in  either  rats  or  mice.  These  studies  are  being  continued. 
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Results  of  steri] ity  tests  of  tissue  extracts  from  infected  mice 


Table  II 

A conparison  of  the  mouse  protective  effect  of 
immune  serum  and  fractions  there  of 


Normal  0 


Normal  0 


Jap  H 


Jap  H 


■Jap  H TT t III 


I 


«p  h ir,ni 


ap  H 


!UUU< 


Jap  H 


lAAfj 


10 r» 


10 r3 


Undiluted 


Iflr1 


1C T* 


1CT3 


Undiluted 


ADD 3 | UPI3 j UP  a* 


3.5  28.6 

6.1 


25. 


C7|  *8 

* 


6 

2 

8 

6 

U 

i 

10 

3 

3 

' 6 

8.0  2.1  No  normal  ujv- 

1 C diluted  se 


*■  % 

■1 

T*1 

BEI 

6.8 

0.89 

C No  normal  un- 
C diluted  se 


i 

6 

2 i 

8 

ap  F 


7.5 

6.0 


1 

r > 

ni- 

i 

i 

Table 

II  (cent.) 

Challenge  Results 

Serum  dilution  strain  LD6,  Dead  j A • 

Injected  (Ince)  ‘ te^e3l  "“>•  I ®re  “™«  ike  2 


h.2  6.8  I 5 

C * I 2 


Jap  A 


Jap  A 


1:2560 

Jap  A Frac-  I Undiluted 
tion  n.m 


6.3  10.6 

1 C 


Ua.5  ! 1.2 


U.2  No  normal  un- 

C diluted  serum 


Jap  A II,  m 


Jap  a n,m 


Jap  A n,III 


10rx 


inra 


icr3 


Undiluted 


6 '’1.8 


No  normal  un- 
diluted serum 


Jap  A 


.2  11.3  2.5 

.0  7.1  0.86 


V.  V.VI 


v.v.vi 


1:320 

Jap  B Innune  10~x 
le  serum  ! 


6.3  tl0.6  | 1.6 
.88 


2.5 


3.8 

li.O 


i 


-IT! 

Table  II  ( 


Rabbit  serum 

Challenge 

Serum  dilution 

strain  LI 

or  fraction^ 

injected 

(Ince) 

Jap  B 

10-3 

2.5 

1.5 

1«#0 

Jap  B Frac- 

Undiluted 

2.5 

tion  n,m 

1.5 

Jap  B II,  in 

10“1 

2.5 

1.5 

Jap  B II, m 

10“2 

2.5 

1.5 

Jap  B II,  m 

irr3 

2.5 

1.5 

Undiluted 

2.5 

IV,V,VI  0 

1.5 

Jap  B 

LOT-1 

2.5 

IV,V,VI 

1.5 

Jap  B 

lor3 

2.5 

IV,V,VI 

1.5 

Jap  B 

ic r3 

2.5 

gJiS 

1.5 
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Legend  for  Table  II 


(1)  Immune  serum  was  prepared  by  the  injection  of  200  million  organisms 
of  the  strains  indicated. 

The  serum  was  fractionated  by  Cohn's  method 

Fraction  11,111  represents  gamma  and  beta  globulin 
Fraction  IV,V,VI  represents  alpha  globulin,  albumin  and  non-protein 
constituents . 

(2)  Average  day  of  death 

of  death  * “0UOT  lreto' 

(U)  MPR  • CTl-'i2^~aeiS  * youae  r,ti° 

(5)  A Is  computed  by  a comparison  between  the  number  of  mice  dead  at 

a given  dilution  of  organisms  plus  iaraune  serum  and  at  the  same 
dilution  of  organisms  plus  normal  serum.  The  difference  in 
protective  power  is  thus  a small  whole  number.  6/6  normal  serum 
1:10  ♦ Ince  1C“4  - 1/6  immune  serum  1*10  • 6 b ♦ Ince  10~*. 

(6)  X.If  the  difference  between  the  normal  and  immune  serum  at  the 

1CT4  doe  age  is  and  the  difference  at  the  10**°  level  is 
6e  ♦ **>uld  represent  a concrete  expression  of  the  protective 
power  of  the  immune  servan  at  these  two  test  levels  or  1 ■ 7» 

(7)  C • Coxplete  protection 

(8)  t • Not  computable 
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Table  ni 

Clearance  tests  in  passively  immunised  ndce.-f 
percentage  of  the  total  isolated  from  tissues 


Category 
and  hour 

rer  cent  of 
total  In 
Blood 

Per  cent  of 
total  in 
Liver 

Per  cent  of 
total  in 
Spleen 

rer  cent  of 
total  in 
Lung 

0 

Normal 

2.7 

1.1 

0.3 

55 

36 

6.3 

0.35 

Immune 

1U 

81 

3.5 

0.20 

3.0 

87 

3.0 

0.18 

mgm 

0.02 

85 

lit 

0.1 

mm 

75 

23 

0.1 

ff  r ^ 

0.06 

92 

7.1 

0.3 

Wtm 

0.02 

72 

27 

0.1 

2U 

Normal 

5.7 

23 

71 

0.8 

0.6 

63 

31* 

0.7 

Imsune 

0.01 

1*7 

1*7 

5.7 

.003 

63 

36 

.02 

k Immune  mice  received  0*5  ml  of  serum  (1:30)  intravenously  followed 
by  Sm  0.5  ul  intravenously  containing  U million  organisms.  The  control 
mice  received  normal  serum.  The  imsune  mice  were  injected  with  serum 
pooled  from  three  rabbits  which  had  recovered  from  an  inoculation  of  1 
ml  of  Jap  H containing  1*00  million  organisms  every  other  day  for  3 
days.  The  initial  agglutinin  titer  of  the  serum  was  It 51  JO. 

j-  The  percentages  are  based  on  figures  given  in  Table  IV  and  are  the  per 
I cent  of  the  total  from  all  the  tissues  in  the  particular  tissue  in 
<gus»tion. 


Table  IV 


Clearance  tests  in  passively  immunized  mice,* 
number  of  organisms  isolated  after  intravenous  inoculation 
of  rabbit  serum. 


Time  of  sampling 
and  category 

Agglutinin 

Titer 

Blood  ! 

Liver 

Spleen 

1 

Lung 

Total 

t 

0 hour 

formal 

C 

100  ' 

2.87 

1.2 

O.U 

10U.U 

0 

33 

22.0 

3.8 

0.21 

60.0 

Immune 

1:32 

8.5 

L9-0 

2.1 

0.12 

59.72 

1: 6ix 

3.1* 

96,0 

3.3 

0.20 

110.0 

6 hour 

■■ 

formal 

0 

0.79 

2300 

3.1 

2773.8 

0 

0.25 

600 

l.« 

791.0 

Imnune 

1*16 

0.06 

835 

2.7 

901.76 

1:32 

o.oia 

130 

0.2 

180.0 

2h  hour 

formal 

0 

6aoo 

Ii®3 

79,000 

935 

■ ■ 

0 

135 

jgjnR  - 

6700 

159 

■§&§§ 

Immune 

1:8 

la 

16.000 

19U0 

I 

1:8 

6.8 

fSm 

81|00 

___ ___ J 

U6 

f 

* Immune  mice  received  0.5  ml  of  serum  1:10  intravenorisly  followed  by  Sm 
0.5  ml  intravenously  containing  U million  organisms.  The  control  mice 
received  normal  serum.  The  immune  mice  were  injected  with  serum  pooled 
from  three  rabbits  which  had  recovered  from  an  inoculation  of  1 ml  of  ] 

Jap  H containing  LOO  million  organisms  every  other  day  £er  3 days.  The 
initial*  agglutinin  titer  was  1:5120. 

■+•  The  figures  express  the  number  of  organism  per  total  tissue  X 104. 
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Table  V 

Clearance  tests  in  passively  immunized  mice,* 
percentage  of  the  total  isolated  from  tissues 


Category 
and  hour 

Per  cent  of 
total  in 
Blood 

Per  cent  of 
total  in 
Liver 

Per  cent  of 
total  in 
Spleen 

Per  cent  of 
total  in 
Lung 

0 

Normal 

t 

92.6 

6.0 

1.2 

t.31 

Immune 

350* 

63.2 

0.U6 

0.61 

fractionated 

32.9 

65.7 

0.71 

O.bl 

6 hour 

lormal 

0.07 

73.3 

26.1 

0.12 

Immune 

0.001 

97.8 

2*1, 

0.02 

Fractionated 

.028 

8U.7 

lli.l 

0.1 

2b  hour 

formal 

0.67 

bb.l 

5b.5 

0.7b 

Immune 

O.Olt 

U3.b 

56.2 

0.18 

fractionated 

0.029 

39.8 

59.7 

0.5 

* Immune  mice  received  0.5  nil  of  serum  (ltio)  intravenously  followed  by 
Sm  0.5  ml  intravenously  containing  U million  organisms.  The  control 
mice  received  normal  serum.  Die  immune  mice  were  injected  with  serum 
pooled  from  three  rabbits  which  had  recovered  from  inoculation  of  1 
ml  of  Jap  A containing  bOO  million  organisms  every  other  day  for  thrse 
days.  Ibe  initial  agglutinin  titer  was  It  1280.  A third  group  received 
fractions  of  immune  serurv—Jap  A.  Jap  A serum  was  produced  and 
fractionated  as  given  In  the  text. 

The  oercentages  are  based  on  figures  given  in  Table  VI  and  are  the  per 
cent  of  the  total  from  all  tho  tissues  in  the  particular  tissue  in 
question. 


Table  71 


Clearance  testa  In  passively  immunised  mice,* 
number  of  organisms  isolated  after  intravenous  inoculation 
of  immune  rabbit  serum  and  globulin  fraction 


Time  of  sampling  , 
and  category  i 

i 

t 

Agglutinin 

Titer 

Blood 

Liver 

i 

{ 

Spleen 

1 

Lung 

i 

i 

Total 

0 hour 

1 

i 

i 

1 

t 

Normal 

0 i 

60. 

;.f  .9 

0.78 

0.2  1 

1 

1 6I4.8' 

1 

Irnnuno 

1:32 

, i 

12.1* 

-22.0 

.16 

1 

i 1 

0.22  | 

1 31*.  8: 

Fractionated 

0 1 

i 

2.7 

« 

vn 

• 

tr 

.058 

1 

0.03U! 

~CVI  " 

. 

CO 

6 hour 

i 

i > 

1 

r 

i 

Normal 

! 0 

0.3i* 

31*5.0  j 

125. 

| 0.6 

i l 

1*70.9! 

i 

Immune 

1:16 

0.023 

1225.0  i 

i 

27. 

1 

! 0.25 

1 

1252.3) 

fractionated 

o i 

j 0.068 

210.0 

3U.5  i 

i 0.29 

! 2l*l*.9! 

! 2k  hour 

i i 

i 

1 1 

i i 

Normal 

i o 

i 

290. 

} 

: 19,000  | 

23,500 

320 

: U3,  no! 

i ! 

Innune 

i is  u 

f i 

j 3.5 

3950  : 

5ioo 

16 

i 

' 9069.5' 

Fractionated 

0 

2.5 

3UX) 

5100 

: U3 

| 

851*5.5! 

I 


t Immune  mice  received  0.5  ml  of  serum  (1:10)  intravenously  followed  by 
Sm  0.5  ml  intravenously  containing  l*  million  organisms.  The  control 
mice  received  normal  serum.  The  immune  mice  were  injected  with  senna 
pooled  from  three  rabbits  which  had  recovered  from  inoculation  of  1 
ml  of  Jap  A containing  U00  million  organisms  every  other  day  for  three 
days.  The  initial  agglutinin  titer  was  2j128C»  A third  group  received 
fractionated  as  given  in  the  text. 

t The  figures  express  the  number  of  organism  per  total  tissue  X 104 
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Table  vni 

Th*  Recipi*ocal  of  the  Agglutinin  Titer 
injected  with  variant  strains 


in  Rate 


[ 2560 

1021*0 

j 320  ‘ 
| 1 

61*0 

1*0960 

1260 

j 

jl 

!;  1280 

j 

61*0  j 

! j 1280  1 

5120  1 

aniw 

5120;  2560;  2560 
1*0960  102U0  j 1021*0 

2560 I 2560.  1280 


1280;  61*0  61*0ti 


1021*0 1 5120  5 


611*1* 


320 

160 


1 i 

320  320.  112  ; 


2560  j 2560;  1280 
1280  j 61*0 1 61*0 

i l 

320  2560  1230  1 

j 

1280  2560  1280 ; 

I 

61*0  ' 1280  61*0 


5120 

5120 


mm 


160 

.1 

160 

1 

160 

! 

H 

I 

, 

t Death  either  under  anesthesia  or  during  bleeding* 
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Table  7J. 


Co  up  aria on  of  Antigenic  and  Protective  Response* 
Following  Challenge  with  Sm  A 


n>  Challenge  dosei  Qx,5  ml  10"7 

(2)  Challenge  tlosei  1 or* 

(3)  Determined  3 days  prior  to  challenge 
(h)  Died  prior  to  challenge 

(5)  Pay  of  death 
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Table  X 

Colonial  morphology  of  organisms  obtained  from 
white  mice  during  infection  with  So  1. 


Day  after 
injection 


[inoculum 


h 


Media 

used 


GCBAJ 

Sn 


OCBA 

Su 


OCBA 

Sn 


OCBA 

Sn 

GBCA 

Sn 


QBCA 

Sn 


Normal  mice 


Heart 


!||gj 

im i 

■HI 

Si^eptomycin  treated 
Spleen 


100  per  cent  smooth,  buttery,  yellow,  violet  rim 
100  per  cent  smooth,  buttery,  yellow,  violet  rim 


-f 


sTT 

s 


s 

s 


s 

s 


s 

s 


s 

s 


s 

s 


s 

s 


s 

s 


s 

s 


s 

s 


t GCBA  - Glucose  cysteine  blood  agar 
Sn  • Snyders  agar 

f N recovery  of  organisms 

■j'jAll  colonies  were  smooth 
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Table  H 

Colonial  morphology  of  organisms  obtained  from  normal 
and  immunized  mice  after  challenge  with  Sm  1 


Day  after 
injection 

Media- 

used 

Normal  mice 

Immunized  mice* 

mm 

Spleen 

Heart 



Liver 

Spleen 

Inoculum 

gcbaT 

Sp 

100  per  cent  smooth,  buttery,  yellow,  violet  rim 

100  par  cent  smooth,  buttery,  yellowish,  pink 
centers,  violet  rims 

0 

GCBA 

Sn 

-ft 

- , 

— 

— 



1 

0CBA 

Sn. 

— 

— 

— 

S** 

s 

— • 

2 

GCBA 

Sn 

/ 

1 

S 

: 

— 

3 

Q| 

s 

s 

s 

s 

s 

■— 

— 

— 

h 

OCHA 

Sn 

s 

s 

s 

s 

s 

— 

Jr  The  mice  were  given  an  infectious  dose  of  Sm  1 and  then  treated  with 
streptomycin.  Ahis  is  necessary  sihce  an  infectious  dose  of  this 
strain  is  also  a fatal  dose. 

-j-  GCBA  • Glucose  cysteine  blood  agar 
Sn  • Snyders  agar 

| T No  recovery  of  organisms 

kk  All  colonies  were  smooth 


